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THE USE OF ARTIFICIAL MANURES, 


BY 

H. R. CooPHR. 

The use of artificial inamu'cs in tea cuIti^■ation is now \erv 
pjeiieral, but in iiiaiu’ quarters a ^lireat deal of prejudice against 
them is still met. On some i^ardeiis, for example, no manures 
other than those of (n'l^anic oritrin, like cattle manure, oilcake and 
anitnal meal, are allowed to be used. Even in .some places where 
“chemical “ measures are ])eini,^ ii.sed witJi obv ious advantai^e, 
the opinion is sometimes expres.sed that the cannot last. 
The idea apj^car.s to 1 k^ that tliere is somethini:^ unnatural about 
a concentrated soluble manure. The threat effect produced by the 
small quantity suy)>ests that the manure acts like a tonic rather 
tlian a food; it is felt that there must occur e\eiUually an un- 
favourable reaction, when the plants will suffer from the effects 
of their unnatural feeding. 

Plants, howe\'er, can only take the nitrogen, jwtash and 
phosphoric acid which is necessary to them, from a complicated 
mixture, like, for example, cattle manure, when this has broken 
down in the soil into simple soluble substances, sucli as occur 
ready formed in soluble artificials. 

The deterioration of a .soil, wbeii cropped witliout manures 
is due almost entirely to depletion in tliese tlirec substances, and 
it lias been shown by long-con tinned field exi^ndmeut in many 
places that a cro])’s requirement of tliese essentia! LxkIs can lx‘ 
as well sii])pliod by soluble artificials as by cattle manure. 

In the January number of the journal of the Ministry of 
Agriculture, H. V. Garner of Rothamsted P^xperiniental Station, 



64 


thk use of artificial manures. 


collects together the results of experiments on this question. His 
conclusion is — 

There is no doubt thut the successful use of fer- 
‘‘ tilizers without dung requires a knowledge of their properties 
“ and their relations to soils and crops, but that they can maintain 
“ fertility for a considerable time, and compare not unfaA ourably 
“ with repeated dressings of dung has been shown in a number 
“ of trials. Tn most of the recorded cases yearly applications of 
“ farmyard manure have been compared with annual doses of a 
complete mixture of fertilizers, the dung providing more total 
plant fcKjd than the artificial but, i)robably, rather less plant 
nutrients in a readily available form. 

The general trend of the results is in the same direction; 
“ and there is no doubt that under the conditions of the experi^ 
ments artificials used alone have maintained the cropping 
** power of the various soils at a le\cl not much inferior to that 
“ produced by annual application of farmyard manure. Apart 
“ from a somewhat more kindly physical condition shown by land 
“ receiving farmyard manure, the main difference between the 
dunged land and that recei^ ing artificials lies in the extent of 
“ the residual effect which, as we know from certain Rothamsted 
“ ex])eriments, is much greater with dung than with artificial 
“ fertilizers.” 


Rothamsted (heavy soil), Continuous Cropping. 
Average yields per acre. 


Manures to each crop. 

Wheat. 1 

Harley. | 

Mangolds. 


71 seasons. 

70 seaijons. 

45 seHHons- 

No Manure 

12 bi. 

15 \*\i. 

, 34 tons 

14 tons dung (approx. !8G Ihs. N.) 

u „ 

1 46 „ 

Id n 

Complete artiticiais : — 




(431b. N.) ... 

;> 

1 41 „ 


(86 1h. N.) ... 

31 „ 


18*" „ 
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Woburn (light soil), Continuous Cropping Since 1876. 


Average Yields per acre, 1915-24, 


Munure?i to o,u:h crop. 

Wlieat. 

Barley. 

No iimniire 

8 0 bn. 

0 G bii. 

7 tonst tiling (approx. 82 Up. N.) 

20 G ,, 

27’7 „ 

Cuinpletu urtiliiMiils (20 Ihs. N.) 

lG-4 „ 

18-7 „ 


Saxiiuindhain (hca\'y soil), Rotation Cropping. 
Average Yields per acre, 191023. 


tu that'll t'lup. 

* Wheal. 

MitlJ^nia^ 

Barley. 

IViiti iiiiil 

BeaU'^. 

Ckpverlia\ . 


18 (Ttpps, 

18 t rops. 

12 criii.s. 

10 rftpp^ 

8 crops 

No iiianiiro ... 

18 bii. 

5 I'liK. 

17 bii. 

20 bn. 

32 ewt. 

G tojis dung (72 Up. N.) ... ' 

i 

20 < 

„ 

80 .. 

81^ „ 

; 80 ,, 

1 

I’uiiijtlete ill titifials 

(aO lb. N.) 

1 

80 i 

( 

i 

17 „ 

81 .. ! 

i 

8G „ 

1 »• 


Brainford (light soil), Rotation Cropping, 
Average Yields per acre, 1902-7. 


Manure to eai-h crop. 

Wheat. 

j 

, Miiii^[)Kls. 

Barley. 

1 

; IVat^. 

jLM«)ver In 


G eropti. 

i 

j G ert'ps. 

G eriips. 

i 8 erops. 

2 oroj)!; 

Mo itiuiinre ... ... j 

ly hu. 

i 12 tons. 

27 hn. 

81 hn. 

37 ewt 

6 tons ilniig (72 )h. N.J... 

p. 

IG „ 

88 ,, 

22 

83 

Coiapleto jirtiticials i 

(30 ifps, N.) ' 

1 

i 

^0 M 1 

18 „ 

_!.1J 

I 

n 

29 


The figures obtiaihed in the Rothainsfed ext>eninent.s are of 
the greatest interest because so long continued. 


Here the soluble artificial maiuires, sulphate of ainouia, sul- 
phate of potash, and superphosphate have for seventy-one years 
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maintained yields nearly equal to those obtained by the use of 
farmyard manure supplying more than twice as much plant f(xxi. 
This would suggest that the farmyard manure is less efficient 
than the soluble artificial manure, and as a direct source of the 
most important plant foods, no doubt it is. 

Annual application of a complete mixture of soluble artificials 
supplying 129 lbs. nitrogen, 80 lbs. phosphoric acid and itx) lbs. 
potash has at Rothninsted over 50 years, maintained an aver- 
age yield of 36.9 bushels of wheat against 35.6 bushels from 14 
tons farmyard manure estimated to contain 186 lbs. nitrogen, 
78 lbs. phosphoric acid and 235 lbs. potash. 

On the straw the difference is .still more marked being 
40.9 cwt. from artificials as against 33.9 from the farmyard 
manure. 

The distrust of artificial fertilizers shown bv British farmers 
when they were first introd\iced was \ erv natural. The j)rejudice 
against them may now be said to ha\'e disa])peared, although a.s 
Garner writes — “The acce])ted \'iew is that artificials should be 
“ used as a supplement to, but not as a substitute for, farmyard 
manure. ’’ It is time that the prejudice against soluble artificials 
which still exists among some of those intierested in tea should 
disappear. 

When, as at Rotham.sted, .sulphate of ammonia has been 
used for 71 con.secutive seasons with the result quoted, it can no 
longer be argued that the results shown af first must be followed 
by disaster. That some knowledge is necessary in the use of 
artificials is exem])lified by the facts that on soils ])oor in lime, 
the continuous use of sulphate of ammonia has rendered the soil 
eventually too acid to grow certain crops, and that at Rothamsted 
crops began to fall off when sulphate of ammonia was used with- 
out potash or without phosphates. 

On such points Sufficient knowledge is available to the ted 
industry, although many minor questions affecting manuring still 
require investigation . 
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in the case of tea we may take it as certain that if any soil 
is completely unnianured, the crop produced will fall to a very low 
level. If manuring is confined to the use of as little cattle manure 
as is commonly available, crop will not be maintained at a much 
higher level. 

Proper combinations of artificials can be used to supply suffi- 
cient of the three absolutely essential plant foods (nitrogen, phcs- 
pheric acid and potash) to maintain high crops at a relatively low 
cost, even if no form of organic matter be applied. 

If manuring were at any time stopj^ed yields from the artifi- 
cially inaiuired soil would drop very rapidly back to those obtained 
from unmannred soil, while the crops on the soil manured with 
farmyard manure would decrease onl}- slowl}'. It is estimated 
tliat, if manuring ceased, it would be 50 years before tlie crops 
from the farmyard manure plots at Rothainsted became equal 
with those from unnianured soil. 

This residual effect liowever lias been obtained at a very 
wasteful expenditure of nitrogen. 

Russel publishes the following balance sheet : — 

Nitrogen in soil in 1865 ... ’175^ ... 4,340 lbs. per acre 

N itrogen added as manure, rHin(5 ibs. per 
annum) and seed (2 Ibs. per annum) 9 j 73 ^ jj » ” 

Nitrogen expected in 1912 t4»070 ,, „ •» 

Nitrogen found in 1912 ... *245% ... 5*730 ,, ,, ,, 

Loss of nitrogen from soil in 47 years 8,340 ,, ,, i» 

Nitrogen accounted for in crops ... 2,550 „ „ 

Balance being dead loss ... ••• 5?790 „ •» j) 

Annual dead loss ... ^23 „ „ 

The loss comes mainly from washing out of the soil nitrates 
formed from the caUle manure; but when such large doses of 
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dung are used there is some loss also from production of gaseous 
nitrogen due to “ denitrifying bacteria. Such losses are un- 
avoidable in “ high farming.'* The richer a soil the more 
rapidly does it lose nitrogen. 

There are two sources of natural gain of nitrogen in the soil, 
viz. : — bacteria associated with leguminous weeds, and certain 
free living bacteria, both of which fix nitrogen from the atmos' 
phere. If never manured a soil would lo.se nitrogen till a point is 
reached when the rate of loss is counterbalanced bv the rate of 
gain from these sources. 

The uninaniired plot at Rothamsted has reached this point. 


Nitrogen in soil in 1865 .105 p. c. 

... 2,720 lbs. per acre. 

Nitrogen added in rain and seed 

• • • 33*^ > > > » n 

Nitrogen expected in 1912 

... 3»050 ,, ,, ,, 

Nitrogen found in 1912 .103 p. c. 

... 2,510 ,, ,, ,, 

Loss from soil 

) , , , , , 

Nitrogen accounted for in crop 

75^ n )) M 

Balance being gain of nitrogen 

I f) 

... -.HJ ,, ,, ,, 

Annual gain 

• * • 5 » ' > ' » ' 

This plot may be expected to go on 

giving about 13 bushels 


wheat per acre without manuring; but manuring will show a 
profit whenever the value of the increased crop exceeds the 
expenditure on manuring. 

The use of small annual dressings of artificials maintains a 
much higher state of fertility without very wasteful expenditure 
of plant food. 

An artificial mixture providing 43 lbs. nitrogen (2 cwt. sul- 
phate of ammonia) at Rothamsted has maintained for the last 71 
years a crop of 22 bushels wheat against 12 for the unmanured 
plots. 

Of this plot Hall wrote in 1905, — 

** On Plot 6 only 43 lbs. of nitrogen are supplied, little more 
than the amount removed by the crop. If we consider the other 
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sources of loss of nitrogen to the soil, such as the removal of 
weeds, drainage, etc., it becomes clear that the 43 lbs. of nitrogen 
in the manure are not sufficient to repair the annual withdrawals 
of nitrogen. Consequently we should expect some diminution of 
fertility on this plot, and analyses of the soil seem to show that it 
is slowly losing nitrogen. 

“ The curve expressing the crop on plot 6. . . . indicates 
a considerable fall in fertility during the first ten years and a 
comparatively constant position for the last 40 years. Thus 
this plot seems to have reached a position of comparative stability 
when the annual withdrawal of nitrogen is almost balanced by 
the additions from all sources, so that the fertility of the land is 
declining very slowly if at all. 

On this plot therefore good crops are being maintained with- 
out any waste of manure. 

Larger dressings of artificials can maintain a still higher 
level of fertility but only with a considerable waste of manure. 

Tea which has never been manured for 40 years must have 
come very close to tlie point of balance, and if it continues un- 
man ured may be exi^ected to maintain it.s present, yield unless so 
weakened that disease attacks it; but the yield is iiiiicli less than 
the virgin soil yielded, and much less than could obtained with 
moderate manuring. 

Manures are now very cheap, while tea is still a very wiluable 
crop. Manuring must pay. 

Experiments show that it does, \ery handsomely. The 
following experiment ati Borbhetta on three pairs of adjoining 
plots is an example. 

The “ M ” plots received 150 lbs. sulphate of ammonia, 150 
lbs. superphosphate, and 60 lbs. muriate of potash. The U ” 
plots received the potash and phosphate only which ha\e been 
shown on other plots to make ver\' little difference for the better 
when used alone. Tea's main requirement is nitrogen, 
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Cropping previous to 1920 had indicated that the M 
plots were initially poorer than the U plots. In 1920 the 
manure applied made the plots equal in crop. In 1921 no manure 
was applied and the plots which had been manured dropped back. 
The tea was unpruned in 1920, but was top pruned in 
all succeeding years, hence the drops in 1921 as com- 
pared to 1920. 

The 1922 manuring again made the plots equal in crop. In 
succeeding years increasing gains are recorded from manur- 
ing, due mainly to increasing deterioration of the un- 
manured plots. 

The tea was planted in 1916 on old grazing land wliich was 
poor, but for a few inches under the thin turf had accumulated 
some reserve of nitrogen which by now must be nearly cropped 
out, .so that little further soil deterioration is expected; but all 
plots on this poor soil are diseased, and the manured tea will pro- 
bably resist disease the better. 

At the end of 1925 the unmanured plots looked so poor that 
])luckiiig was made lighter on all plots, in order to keep the check 
plots going. Otherwise yields from manured plots probably 
could have Ix^en maintained nearer the 1925 level; but the 30 lbs. 
nitrogen applied annually is not sufficient to save the soil from 
deterioration. 1927 was a bad year climatically while 1926 was 
exceptionally good : hence the big differences in yields for those 
two years. 

The tea was \'erv finely plucked and would have averaged at 
least 14 annns per lb. or Rs- 70 }x"r md. in Calcutta. Increased 
costs for plucking, manufacturing, boxes, and freight probably 
would cost less than Rs, 20 jjer iiid. ; so that the increased crop 
while on the bushes can be reckoned at, at least, Rs. 50 per 
md. The 1.6 mds. annual increase is therefore worth Rs. 80 at 
least. 
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Against this the iiiaiiuring costs : — Rs. As. 

150 lbs. sulphate of ammonia at Rs, 170 per ton ... ii 6 

150 lbs. superphosphate at Rs. 75 ,, ... 5 o 

60 lbs. muriate of potash at Rs. 135 ,, ... 3 10 

Freight and carting on 360 lbs. ... ... 5 10 

Application ... ... ...20 


Total Rs. 27 10 


Up to the present, then, the annual profit from manuring 
has been at feast Rs. 52 per acre. For the future, profit will be 
greater because the average difference between manured and un- 
nianured plots is likely to remain nearer to 3 nuumds tlian 
2 maunds. 

If manuring were now stopped yields from the plots jwe- 
viously manured would fall back until they equalled those from 
the plots never manured. 

At Rothamsted from plots manured with sulphate of am- 
monia in alternate years only, about 30 bushels are obtained in 
the manured years, and only 15 in the unmanured years. 
There is obviously \ery little residual effect from the manure 
since the plots never manured average about 13 bushels. 

On tea, which occupies the soil for many years, differences 
would not be so marked ; because although the residual effect in 
the soil is little, the improved bush left does not so rapidly fall 
off in \deld, probably on account of an extended root range. In 
addition the prunings and leaf fall added annually help a lot in 
the maintenance of soil fertility. The cellulose so added feeds 
the bacteria which fix nitrogen from the air and thus add to the 
.soil nitrogen supply. The addition of prunings also is followed 
by a disappearance of nitrate from the soil, which is accounted 
for as being used by the cellulose destroying organisms to build 
up their own bodies which afterwards die. The addition of 
soluble nitrogen after pruning therefore provides some organic 
nitrogen (as dead micro-organisms) part of which remains in the 
soil. 
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However it appears quite clear that soluble manures must be 
added annually, otherwise their cumulative effect is lost. 

If manured only occasionally tea is likely to give signifi- 
cantly improved crops only in the manured years, and to fall very 
near to the plots never manured in those years when manures are 
not applied We believe that the quite common distrust of “ che- 
mical manures in tea culti\'ation, is due to the very common 
practice of giving big doses occasionally, when the subsequent 
falling off becomes so noticeable. There are many indications 
that such a practice, which entails that the bush grows alternate- 
ly in very rich and very poor soil, upsets tlie wliole food-supply 
system of the bush and increases liability to di.sease. 

On the other hand we have every reason to believe that regular 
application of small quantities of properly balanced “ chemical ” 
manures, will maintain liigh average yields at a very cheap rate, 
and that larger quantities will produce increasing yields, even if 
no organic matter other than that pro\ ided by the bush itself is 
ever applied. Such a practice however is not advi.sed. 

Apart from the food it supplies organic matter improves 
the physical condition of the soil, a point of great imj^rtance 
to the health of the bush. 

The advantages of a full supply of organic matter were fully 
dealt with by the Bacteriologist in this Journal 1927, Part III, 
page 1 15, and need not be repeated here. 

These advantages are sliown in practice on eK]>eriinental 
plots in many places. 

The wheat plots at Rothaiitsted to whicli no organic matter 
has been applied for 71 years, are very little affected in average 
crop, although the soil is gradually losing organic matter. Close 
examination of the figures, however, shows that the dunged plot 
uiaintains itis yield well in dry years, while the crops from artifi- 
cials fall much below their average. Tea has, annually, to pass 
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through a period of drought, and when such droughty periods 
are longer than usual , tea always suffers badly and its resistance 
to disease is seriously weakened. Much of the trouble from 
disease in droughty districts is, undoubtedly, due to this cause. 
The evil effects of drought can be greatly diminished by main- 
taining a soil’s organic matter at a liigli level. It has been pointed 
out by C. M. Hutchinson that the alternative to manuring 
in India has too often been increasing culti\ ation which by stirring 
the soil increases the rate of formation of nitrates from the soil’s 
organic matter and hence increases the rate of loss of this material 
which is so difficult to replace. Artificials can therefore be used 
to decrease the rate of loss of organic matter. The enormous 
majority of tea soils however would be much impro^’ed by a con- 
siderable increase. 

Nitrogen, phosphoric acid, and potash also are not quite the 
only foods essential to a plant, and there is evidence that soils 
supplied with these only become gradually depleted of substances 
necessary to plants in minute quantities only and crops conse- 
quently decrease slowly. There is some evidence too, that cattle 
manure may contain, in very small quantity, substances analo- 
gous to the vitamines which are of such importance in hum an 
food. 


Cattle manure is in every sense a complete food. It is ad- 
vised therefore that as much cattle manure as can be obtained 
at reasonable rate should be applied. It should not however be 
applied in wasteful doses. 

Analysis of the old, waslied cattle manufe used at Borbhetta 
is made annually. When ** dry ” (containing 50 per cent, 
moisture), that is, in its normal state as bought from villages in 
dry weather, it contains about — 

.5 per cent, nitrogen 
.6 per cent, phosphoric acid 
*5 per cent, potash* 
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Since it may often be wetter than this we can take it roughly, 
that, I ton cattle manure supplies — 

10 lbs. nitrogen 
12 lbs. pliosphoric acid 
lu lbs. |X>tash. 

A dose of 20 tons provides 2 ck) lbs. nitrogen. A crop of 
lo nids. tea per acre uses 40 lbs. nitrogen. Of the remaining 160 
lbs, the greater part is washed out in the first year, and tlie re- 
mainder stays in the soil to be partly washed out and partly used 
by crops in succeeding years. 

If only 5 tons per acre is used, the wastage is very con side r- 
ablv less. If tliis quantity does not provide sufficient available 
nitrogen for the ])urpose in hand, tlie balance is better made up by 
a small additional dose of artificial. 

5 tons cattle manure would ])ro\ ide 50 lbs. nitrogen, Oo lbs. 
phos])lioric acid, and 50 lbs. |X)tasli. Its effect in the first year 
would be much less than that of the same quantities of food as 
soluble artiticials, because so much less of it is a\ ailable as plant 
f(xxl. 


Used in small quantities however tlie bxxl in cattle manure 
may be considered eventuallv to be nearly as valuable as that 
sLi[)plied as artificials. 

One ton cattle manure may then lx‘ considered to supply plant 
food worth — 

Rs. As. 

Nitrogen 0,5 per cent, at Rs. 8.5 per unit ... 4 4 

Phosphoric acid 0.6 jxr cent, at Rs. 2.5 tier unit ... i S 

Potash 0.5 per cent, at Rs. 27 per unit ... i 6 

Total value per ton ... 7 2 

It is usually obtainable at a nuicli smaller cost e\ en including 
the high cost of a])plication; so that we may consider that the 
organic matter is obtained for nothing. At that price it is so 
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well worth having, that one can only advise the application of as 
much as is obtainable. 

There is one objection to its use : it contains the seeds of 
weeds. On the few areas where good tea has grown so thickly 
and widely that no jungle grows under its shade, it would be un- 
wise to use cattle manure which would necessitate culti\ ation. 
Such tea, however, would seldom need cattle manure. Loss of 
organic matter from a soil so fully occupied by bushes must be 
\ery slow, and is probably more than counterbalanced by the 
annual gain from leaf-fall and primings. 

Very little cattle manure is commonly available. The 
growth of shade -trees and of green crops is therefore advised up to 
the capacity of the available labour to deal with them without 
neglecting the suppression of weeds among tlie tea. 

As with cattle manure, .so with green crops. The quantity 
which can be applied to the .soil is normally much below that 
which is necessary to maintain fertility. Nor would it be ad- 
visable to depend upon green crops as the main source of nitro- 
gen in any case. 

Green crops retard the growth of tea among which they are 
growing and tliere is a further set back to growth after they are 
hoed in. Gains from green cropping mu.st therefore be slow. 

The nitrogen supplied to the soil also does not show up in 
improved growth of the bush till at least 6 weeks after burial. 
Since growth of green crops will not start till rain falls, 
usually about the middle of March, burial of green crops cannot 
start till about the end of April ; and since hoeing in must 
be spread over at least six weeks, it will not finish before the 
middle of June. This means that bushes receive no benefit till 
between the middle of June and the end of July. 

There are definite ex|>eriments establishing the fact that 
application even of. immediately available manures is enormously 
more valuable in April than in June; while the general indica- 
tions are that available plant food is best supplied soon after 
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growth starts which means application of iiiahare some time 
between mid-Februarv and mid-April, depending upon manure, 
soil, and season. 

As sources of nitrogen, therefore, it is absolutely necessary 
to depend mainly upon artificial manures. 

It is not within the scope of this article to deal with 
the question of choice among the nianv artificials available; but 
it inav be pointed out that it is not generally economically sound 
to use concentrated manures as sources of organic matter. 

The coninionest organic manures in use are oilcake and ani- 
mal meal. 

In the case of oilcake 8 iiids. is a normal maintenance ‘‘ 
dressing per acre. 

This would supply about — 

29 lbs. nitrogen 
12 lbs. phosphoric acid 
6 lbs. |x»tash. 

and on the present market would co.st about Rs. 24. 

Using sulphate of ammonia, supcrphos])hate, and sulphate 
of ]X)tash, ])lant fo(xl equal to 8 mds. oilcake would cost Rs. 14*^; 
so that when buying oilcake we may take it tliat roughly we ])ay 
Rs. 10-8 for about 8 mds. of organic matter. How niucli more 
could Ix" obtained for the price in the forms of cattle manure and 
green crops I 

Five mds. Acme animal meal would provide 2S lbs. nitrogen, 
28 lbs. phosphoric acid, and 20 lbs. jx)tasli at a cost of Rs. 3 ^' 4 ' 

Using the plant foods in soluble form the equivalent of 5 mds. 
animal meal would cost only Rs. 15-6. 

There are cases where, even at high prices, organic manures 
;lre advisable, but as a general policy for average soils it is ad- 
vised that dressings of cheap soluble manures should be applied 
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annually These should be supplemented as far as is possible 
by cattle manuring and green cropping. 

These bulky organic manures will serve as sources of organic 
matter to maintain the physical condition of the soil, and assist to 
maintain crops in bad seasons. They will also add a certain 
amount of slowly soluble nitrogen 'to build up a reserve against 
bad times when manuring might have to l>e stop|)ed. 

In connection with manuring the question of quality has 
always to be considered. A larger crop at a correspondingly re- 
duced price would show no profit. 

Of late years there has been a tendency to blame manuring 
whenever qualit}' has fallen below what was hoped for. In ])arti- 
cular the amount of stalk is very often stated to ha\ e increased 
since manuring became more general. 

Since much harder rolling has become general in order to ob- 
tain stronger liquors, it would be more reasonable to connect hard 
rolling with any general increase in stalk which there may be. 
Hard rolling would be expected to strip oh the black skin and ex- 
pose red fibre; whereas stimulus to growth by manuring would 
be expected to decrease the proportion of liard banjhie and to 
yield more succulent shoots generally. 

The composition of the leaf however can be changed by manu- 
ring. This change on very poor tea may often be for the better, 
bnt any over- rap id growth undoubtedly tends towards a change in 
quality for the worse. . Manures therefore must not be used to in- 
crease the rate of growth from the existing number of shoots; but 
to enable a larger bush to remain healthy and sufficiently fed to 
maintain a larger number of yielding shoots. 

Rushes of quickly grown leaf must be avoided.. 

Any tendency to decrease in quality from manuring can be 
made up for by plucking and to a certain extent by pruning, 
because these factors make more difference to leaf composition 
than manuring does. In the good yielding year 1926, the average 
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crop in the Brahmaputra Valley was 8 mds. ])er acre; yet many 
gardens produced Jo and 12 mds. per acre at prices well above 
the average. High yield is therefore not necessarily associated 
with poor quality. 

In practice, the tendenc\' is rather the other way. Gardens 
wliicli manure lieavily are usually found near the top of the mar- 
ket for prices. This is only natural. A garden wliicli can make 
a good crop with good plucking can afford to j)luck good leaf. On 
a deteriorating soil the temptation to keep iq) crop must tend 
towards coarser plucking. Generally speaking tiie poor teas 
come from sucli soihs ; althongli they come also from \erv rich 
soils {such as blieel .soils) where growth is \try. rapid. 

Moderate regular doses of ])roperly balanced manures should 
maintain good bushes which will produce good croj'js of good tea. 
Such good bushes can lx* plucked more closelv, can be less heavily 
cleaned out, and need be hea\ y pruned less often. These factors 
count for a great deal in the production of good teas. 



NOT^S ON THE GROWTH OF YOUNG TEA PLANTS 
AND ITS RELATION TO RED SPIDER ATTACK, 

BY 

E. A. Andrews. 

In the early part of 1927 a small nursery was established at 
Tocklai to provide plants with a known history for work in connec- 
tion with susceptibility to disease. Careful observations of the 
development of these plants have been recorded, and althoin^h 
this was mainly done for subsequent reference when studyiiyt^' the 
behaviour of the plants, tlie observations afford certain informa- 
tion on the behaviour of tea in its early staj^es. Very little has 
been published on this subject, and it may be therefore not with- 
out interest to put on record the results of the observations. 

The seed used was of light-leaved Assam “ jat.” locj seeds, 
on being tested in the usual manner, gave the following results : — 

Sinkers. Floaters. Total. 

Healthy seeds • • • 95 ^ 9^^^ 

Seeds punctured by the tea-seed 

bug, but not infested with 

fungus ... 2 — 2 

Seeds infested by pathogenic 

fungi ... z — 2 

Taking 2 “ starred ” seeds as equivalent to i good seed, and 
discarding infected seed as bad, the seed was therefore 97 per 
cent. good. 

The average weight of each seed was 1.98 grams, which 
gives 18,327 seed.s to the maund of So lbs. 

Onrniimtion.—ig6 seeds were set to germinate in damp sand 
on January 25th. These were taken np for planting on February 
24th (30 days later). 

By that date 305, or 77 per cent, of the seeds, had germinated, 
the remainder being ungerminated. Of the germinated seeds, 
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tS<S, or 22 jx^r cent, of the whole, had made root-growth of i iiicli 
or more. 

89, or 22 per cent, of the whole, had made root-i^rowth of Vz inch 
or more, but less than i inch. 

46, or 12 ])er cent, of the whole, had made root-<.,To\vtli not attain- 
ing inch. 

82, or 21 |>er cent, of the whole, had cracked only. 

Plants ohtahicd, — It is intere.stinyy in \ lew of the above 
fiRures, to take .stock of the plants obtained. Observations were 
made towards the end of Ajmil, as markiiye the .ei'owtli at the 
be^innin^of the rainy season (and to include the “chota barsat”), 
and aL^ain in the middle of October, as markiiyy the end of the 
rainv season. 256 (germinated seeds had been planted in Febru- 
arv, and 16 ungerminated seeds. 

1 87 of the germinated seeds liad thrown u]) plants by the end 
of April, f.c., 73 i)er cent, of the germinated .seeds planted. 0 of 
the ungerminated seeds had thrown up plants, /.c.. 37^. ])er 
cent., though the numlxn* is too small for this latter figure to be 
of much value. 

By tlie middle of Octolxr, there were 164 jdaiits still stand- 
ing from the germinated seed, or 64 per cent., while 6, or 37': 
per cent., were still standing from the ungerminated seed. After 
the insixction in April, vacancies were tilled in with 49 germin- 
ated and 30 originally ungerminated seed, of which 44 gave 
plants. vSome of the latter seed had germinated in the mean- 
time, and unfortunately the record was not kej^t ol which was 
which. In the end, however, 214 plants were obtained from 351 
seeds, of which 305 had germinated, and 46 had germinated, 
at the original time of planting. 

The figures for this result are : — 

Seed germinated at original time of planting ... 87 per cent. 

Plants obtained at end of first rains . . ■ bi , , 

that is to say, t.he number of ])lants obtained at the end of 
tbe first rains was 70 jxr cent, of the number of seeds which 
germinated iii 30 days. 
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Of the 214 plants, 

93 were ^ood plants (10 inches and upward in height) 

77 ,, fair ,, (6 to 10 inches) 

77 ,, poor ,, (less than 6 inches) 

i.e-, — 26^2 per .cent, of the whole were good plants 
22 ,, ,, fair ,, 

12 % ,, M lX)or ,, 

i.c. , — from i inaund of seed would have been obtained 5,057 
good plants — just enoug]i to plant acres 4 ft. 6 in. 
triangular, and 4,032 fair plants— enough to plant 
I 3/5 acre. 

The Soil Factor . — The soil in which the seeds were planted 
was bv no means ideal for a nursery. It had been under tea 
before, and, since uprooting the tea, had been di\ ided into i null 
plots, all of which had recci\ed different treatments at one time 
or another. This arrangement of plots was maintained when 
planting the nursery, and the growth made by the plants in differ- 
ent plots was exceedingly \aried. An attempt to compare the 
growth obtained in the various plots was made as follows. Each 
good plant (10 inches or more in height) was weighed with the 
number 3, each fair plant (6 to to inches) with the number 2, and 
each poor plant (less than 6 inches) with the number i . 

In a plot in which e\ery plant was a good one the growth 
was taken as 100 per cent., and the percentages for the plots cal- 
culated on this. The following are the figures obtained : — 


2B 

66.7 

2C 

72.9 

3B 

79.2 

3C 

27.1 

4B 

87-5 

4 C 

89.6 

sB 

77.1 

5C 

56.2 

6B 

77.1 

6C 

56.2 

7 B 

54-2 
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7C 

35.4 

8B 

50.0 

8C 

.56.2 

9B 

20.8 

9C 

52.1 

9D fun germinated 

seed) 29.2 


Tlic ^reat variation in growth in different plots is well 
shown in the table, being from 90 per cent, to 20 per cent. 

Most of the area had recei\’ed lime at various times in the 
past, and acidity tests made on adjacent plots throughout the 
season had shown the soil to be too little acid for tea to do really 
well. Samples of soil were therefore taken from three plots, 
the worst at one end of the series, the worst at the other end 
of the series, and the best plot, and tested by the Chemical 
Branch of the Department for acidity. The percentage growth 
and acidity figures are given below : — 


riot. 

1 

[ PnrL'enlrtjje Growtli. 

i : 

i 

Hoj>kiiJ8 Acidity. ! 

pH <lirect. 

1 pH of nitrate of 
; potash extract. 

1 

1 

4C 

1 8y*6 ! 

m 

.V7 

i 4-4 

3C 

27-1 i 

4'J 

(VO 

I 5-0 

‘JB 

20-8 1 

1 : 

6 U 

i 

1 


and show distinctly that the degree of acidity of tlic soil in the 
different plots has had a great influence on the growth obtained, 
the soil in the best plot being much more acid than in the other 
two, while in the better of those two the soil is a little more 
acid than in the other. 

This lendenev towards neutrality in many of the plots has 
undoubtedly Iiad an effect in reducing the amount of growtli 
obtained, and also, probably in actual reduction of the nuinbcu' 
of plants obtained, for in certain cases seeds which had germinat- 
ed very strongly at the time of planting failed to gi\c ])lants 
as will be seen from the account, given Ixdow, of the relations 
between the \itality of the seed at the time of planting, as 
measured by root-growtlg and the vitality of the plants at the 
beginning and end of the rains, as measured by height. 
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The Effect of the hiitial Vitality of the Seed . — As stated 
above, the seed did not germinate evenly, and at the time of 
planting the seed was classified into five distinct grades, accord- 
ing to the degree to which development had proceeded. It is 
interesting to compare the growth made by plants from each 
grade of seed at the beginning and end of the rainy season, and 
this is shown in the following table. In this table the plants 
obtained from each grade of seed towards the end of April and 
at the middle of October are graded according to the growth 
made, and the numbers expressed in percentages of the number 
of seed in each grade. 



Growth 

SH'^WN 

HY SKKD 

wiirs ri. 

\NTKI'. 


JJootlet 

1" or 

more, 

hiutlet 
to 1. 

Rootlet 

less 

than V'. 

Cracked. 

I’uger- 

;ndnated. 

Development by April 22n(J. 


/r 



V< 

i" and more in height ... 

80 

6 7 

2 2 

00 

U‘() 



31 8 

ly-i 

4-3 

.30 

00 


32 y 

21 3 

217 

151 

6 2 

r'-2' , „ 

11-1 

13-5 

13 0 

15-1 

25‘i 

0"~i- „ 

34 

10 1 

17 4 

21-2 

6 2 

Appeared later 

^ 00 

M 

o-o 

; 

3 0 

n 0 

LJead ... ... 

I 12 0 

i 

28 1 

1 11 .4 

: 

1 42 4 

1 62 5 

Development Toy middle of 
October. 



; ' '! 

! ! 

; i 



! 

1 

1 

10" and mure in ... 

42 2 

34'8 

; 26 9 I 

15 1 

6-2 

6" t't 10" in height ... ... 

27-3 

16 8 

j 13-0 

21-2 

18-7 

than 6" in heigiit ... : 

80 

112 

1 10-9 

121 

12 5 

Dead ... ... ... j 

2U6 

.37* 1 

500 

ai-5 

62 5 


* These percentages are iiardly comparable, as the number of nngerminated 
seeds planted was much less than the number of germinated aeeds. They do 
show, however, that some of the backward eeeds gave better plants than some 
gf the forward seeds, and are included in the table on thii, account. 
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The results in this table show clearly that the greatest per- 
centage of good plants lias been obtained from the seed which 
germinated most strongK- and that the percentage decreases on 
passing down the grades of seed, while the percentage of deaths 
increases. 

Thus vitality of the seed to begin witli is an important 
factor in the results obtained, a factor which e\en the extreme 
vaiiatioii in soil conditions does not mask. At the same 
time, it is clearly evident that slow germination does not 
necessarily mean that a poov plant will be obtained, for 
some of the ungenninated seed lias given good plants by 
the end of the rains, although the figures for April 
show that they were then behind the others. Soil conditions 
would of course produce this result, but as the un germ mated 
seed was planted at tlie worst end of tlie series of plots, it would 
appear that the result may accrue indejKMidentlv of soil condi- 
tions. The percentage of good plants obtained from the back- 
ward seed, however, is so small that the cost of planting and up- 
keep would hardly l^e repaid, and it is obvious that rapid germina- 
tion in a consigiuuent of seed is a iiecessarv [>rcliminar\' to the 
growth of a go(xl nurse it. 

during I hr L (4 ti 1 1 rnthn.'— it is well known that 
nurseries oilen make a g(xxl deal ot growth during the eoid 
weather. Ihe cold weather just past was one in which, owing 
to the extreme drought (at Tocklai only 7.41 inches of rain were 
recorded from the end of October to tlie end of April, against 
19.76 the previous year), sucli growth might be expected to be 
at a miiiimuin. Measurements of the height of the plants were 
made in the middle of April 1928, and w e are thus able to record 
the growth made — i, from the titiie of planting to the end of 
the first rains, 2, during the rainy period of 1927, 3, during 
the cold weather 1927-28. 

I. By the middle of October last the plants had attained 
an average height of 9.11 inches, with a maximum 
of 27. 
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2. During the rainy season (mid-April 1927 to mid- 

October 1927) the growth made was — average, 7.17 
inches; maximum, 24 J 2 . 

3. During the cold weather (mid-October 1927 to mid- 

April 1928) the growth made was — average, 5.73 
inches; maximum, 15/ 

The plants were not watered, and indeed received no atten- 
tion beyond forking in of the jungle. In the following table the 
growth made at the end of the cold weather is compared with 
that made at the end of the i)receding rains. 



DkVELOPMKNT HY Min-OTO 

RKK 1927. 

Development t>y niid Apiil 

(5o<xl ' 

Fair j 

Poor 


lU ina. and more. 

1 ^ 

G — lU inches 

i 

Lese than G ins. 

j 

Very inches uii<l more 

1 

181-/. 



Good, 18 — ’24 inches ... ... 

42-0 /■ 

1 

15G/ 


Fair, 12 — 18 inches ... 


45-4 -X 

44/ 

! 

Poor, 6 — 12 inches 


35-1/ 

3M/p 

Very poor, leas than G iticfies 


1-3/ 

31 1/ 

i>ead ... ... ... ' 


2 6/ 

33 3/ 


It will be noted that the plants which had shown the greater 
vitality right through give the largest proportion of good bushes, 
but that in each grade there is a {X^rcentage of plants which has 
overtaken some of the plants in the higher grades. It has to 
be observed, again, that such plants occur in the poor plots as 
well as in the better ones, so that here, again, the overtaking 
would appear to occur independently of soil conditions. 

Vitality of Plant and lAability to Red Spider Attack . — Red 
Spider appeared on - the plants towards the end of January, and 
continued well into February. In the middle of February the 
reaction of the plants to red spider attack was noted, and con- 
sideration of the observations made is not without interest. 
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The various plots, as shown 

above, differed considerably in 

the growth made by the plants. 

They were also found to differ 

considerably in their reaction to red spider, and the following 
table gives the percentage intensity of infection in each plot : — 

Plot. 

Perrentage Intensity 


of Infeet ion. 

2 B 

35-3 

2C 

15-3 

3B 

18.7 

3C 

r-T 

4 B 

16.7 

4C 

16.7 

5B 

35*5 

5C 

36.1 

6B 

-\V 3 

6C 

25.0 

7 B 

^ "'5 

7C 

17,0 

8B 

23.0 

8C 

12.5 

qB 

3-3 

9C 

15. 1 

9D 

12.5 


Comparison with the growth table given above shows that, 
while the behaviour of tlie plants, on the whole, is irregular, the 
three plots with least growth (3C, 9B, and 9D) arc the three 
plots with least red spider. This may, however, be mere co- 
incidence, for plot 8C, with 56.2 per cent, of growth, has the 
same figure for red spider attack as plot 9D, with only 29.2 
per cent. 

As all observations Inuie been recorded for each individual 
bush, however, it is jx)ssible to correlate red spider attack with 
growth made by the plants at the end of the first rains, at the 
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beginning of the rains, and when planted us seed. When Uiis 
is done the following results are obtained : — 

Growth by mid-Octoher. Percentage In- 

sity of Red Spider 
Attack in February. 
Plants lo inches and more ... ^4.7 

,, 6 to 10 inches ... 19. i 

,, less than 6 inches 8.0 


Growth by mid-April 

Percentage In- 
^ity of Red Spider 
Attack in February 

Plants 4 inches and more 

.... 26.0 

,, 5 to 4 inches 

25.5 

,, 2 to 3 inches 

... 21. r 

,, I to 2 inches 

... 16.7 

,, less than i inch 

15. I 

Development of seed 

Percentage In- 

when planted. 

sity of Red Spider 
Attack in February. 

Root I inch or more 

... 21.0 

,, to I inch 

..., 23.2 

,, less than iiH'h 

■ ^97 

Seed cracked only 

17.9 

Ungerniiiiated 

... 17.2 


Tlius, red spider attack was worst on — 

plants of which the seed was best developed at the 
time of planting. 

plants which were best developed at the beginning of 
the reason. 

plants which were best developed at the end of the 
season . 

As we turn from the plants .showing vigorous growth to 
those showing less vigorous growth it is found that the 
intensity of red spider attack diminishes. This is cer- 
tainly not the result that would have been expected by 
the majority of planters, and there is no evidence to 
show that these results would be obtained under different 
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circumstances. In this case, liowever, the observations show 
definitely that it was not the bushes which one would call 
weak that got most red spider, but rather tlie reverse. 

’Conclusion . — The above observations are not recorded as 
l^eing the result of exhaustive experiments on the growth of 
young tea. Tlie obserAations were made, more or less by the 
wav, in connection with other work, and are recorded, for what 
they are worth, as being suggestive, rather than instructive, 
with regard to a matter on which little or no information is 
available. 

The figures given for the percentage of plants obtained are 
jwobablv lower than is normally the case, as not only were soil 
conditions inferior, but the seeds were sown three feet apart, so 
that the shading effect obtained by close j)! anting in a nursery 
was lacking. On the other hand, the figures do definitely show 
that 

1. Other things being equal, the seed which germinates 

quickest gives the biggest proportion of good plants. 

2. vSoil conditions, as evidenced by acidity, have a great 

effect on growth, decrease in acidity producing de- 
creased growth. 

3. Growth ill the cold weather follows the same course as 

in the raiiiv season, in that the most vigorous plants 
make most growth, and the difference in the devcloj)- 
meiit of a plant at the beginning and end of the cold 
weather inixy be considerable. 

4. Slow germination does not necessarily mean a }X)or plant. 

Plants which lag behind to begin with may overtake 
plants which arc further forward at any time during 
the first rains or the succeeding cold weather, and this 
apart from the fact of their being planted in better 
soil. 

5. In this case, vigour, as measured by growth, did not 

mean increased resistance to red spider, but rather the 


reverse. 



MOISTURE CHANGES DURING THE MANUFACTURE 
OF BLACK TEA. 


BY 

C\ R. Hari.hr. 

Fresh tea leaf, as it is plucked, contains about 77 cent, 
moisture and finished black tea about 6 per cent. Durinji 
manufacture water is lost from the leaf at \arying rates and it 
is instructi\ e to consider these losses. 

During the withering process the leaf loses moisture and 
becomes flaccid. This loss is necessary if the 

Moisture loss suitablv rolled, but it is also the 

during' witheiiiig. ^ \ 

main factor in bringing about the cliangts go- 
ing on within the leaf which comstitute the chemical wither. 

The degree of the chemical wither is influenced by time, 
temperature and the amount of drying of the leaf. P"ach of these 
factors may be varied within limits. Experience has shown that 
withering temperatures much above qo^F. are likely to harm 
the tea. It has been observed that \ery rapid drying of the 
leaf does not give such good results as steady drying. It is also 
well known that leaf kept much abo\e 24 hours i.s liable, espe- 
cially in the rains, to go sour. 

So far as practical ex])erieiice goes in Xortli-East India 
it has been noticed that, during the rains, wlien the average 
temperature is about 83^^, the best tea is made from leaf 
withered in a cool ])lace till it contains a1x)ut 66 per cent, mois- 
ture. The length of time of the wither is limited because the 
leaf goes sour after a time. On the other hand the time may 
not be reduced beyond a certain limit for, although the pliysicnl 
wither may be obtained in two or three hours, it takes much 
longer than this for the chemical wither to develop. 

The amount of drying during withering has an im|K>rtant 
influence on the kind of tea made. Hypothetically, it is possi- 
ble to produce the same chemical state in the leaf without dry- 
ing as with it, but, even if this state of affairs be realised, the 
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.‘Subsequent course of the chemical reactions which constitute 
I fermentation is influenced largel^^ by the pliysical condition of the 
leaf. A turgid leaf is sinaslied in the roller wiiilst a flaccid leaf 
! i.s rolled. Estimations show that the rate of cliaiige of t lie tannin 
; bodies in tlie smashed leaf is very different from tliat in tlie 
j rolled leaf. It is also possible that the nature of the change is 
different in the two cases. 

All leaf does not contain the same amount of moisture as it 
comes from the held. Quick growing slioots contain inorr 
moisture than slow growing ones, and tea grown in the sliade 
contains more moisture than that grown in the open. During 
the sea.son, leaf plucked from a certain plot at 'Dx'klai showed 
the following average moisture percentages eacli 11101 itli. Tlic 
shoots plucked consisted of regular two lea\es and a hud. 

Mav ... Average moisture in leaf ... ;6.o X 
June ... 

July ... 

Augmst 
September 
October 
No\'ember 

The dr\-est leaf was collected in May when one plucking 
si lowed a moisture content of 75.7 per cent. In July one 
])Iucking consisted of leaf containing Si.o [)er cent, of moisture. 

In order to obtain the correct pliy.sical wither, leaf lias to 
be dried according to its. original moisture content. Tlie table 
l>elow shows to what extent iw lbs. of fresh leaf must Ix" dried 
in order that it shall contain 66 per cent, moisture. 

Moisture content Degree of drying necessary, 

of fresh leaf. 

80 per cent. ... kx) lbs. should dry to 60 lbs. 

77 ,, ... 100 ,» M »> ^9 

75 ,, ... 100 n M - 75 

72 ,, ... 100 n M M ^4 n 

IwCaf rarely contains less than 75 l^er cent, moisture at aiiv 
fiiue and 77 per cent, may be taken a.s a safe average. Three 


77’3 

7S.7 

77.0 ,, 

77’5 

77.9 .. 

77-5 



5 2 ^[OlSTrRK CHAXl^l'S DT’RTNA; THK ^[AN^KACT^RK &c. 

Heaves and a bud contain about the same moisture percentage 
as a hner plucked slioot, but the coarser the leaf tlie Ioniser 
it takes to wither ])hvsicaliy. 

Althoipeih the chemical wither must \ ary with each chani;e 
iiuide in the three control liipy factors * tem])erature, tunc and 
drying, the average teni])erature is fairly constant during the 
rains and the lime of withering is approximately ib hours. 
With these two factors thus Iwsely defined the best check on 
the wither is kept by weighing the leaf. For this pur]X)se, a 
rack in a typical part of the loft or a bay in tlie leaf house may 
l>e spread with leaf whicli is weighed before and after the wither- 
ing period. In a verv short time, tlie man in charge of the fac- 
tory will thus learn what constitutes the degree of drying neces- 
sary for a go(xl cliemical wither. When this is accoiipdished 
the dailv weighment of a typical rack may cea.se. 

Tf the leaf is withered under control in a lolt, tlie fans should 
lie turned off after the necessary ]ihysical wither is obtiained 
and a wait made for the chemical wither to develop. If the 
leaf must be cleared and rolled before iS hours ela])se, in order 
to make room for incoming leaf, tlien the jihysical witlier may 
be carried further than denoted in the table above. l{xact- 
Iv how much further cannot at pre.sent be indicated, liowever. 

In order to know exactly what degree of wither is uex.’es- 
sarv it is essential to know the moisture content of the fresh 
leaf. Tliis can only be determined by the metliod de.scribed 
later. Unless such a determination is made, it .should be as- 
sumed that the fresh leaf contains 75 to 77 per cent, moi.stnre 
when it arri\es at the factory. 

During rolling and ferinentation no loss in moisture should 
occur, althougli in practice, .some drying 

Moi.sture to » ^ ... j 

(luriiijir firing. takes place. Often watery juice is expre.s.seci 
from tlie leaf during hard rolling, but this u.sually signifies an 
in.sufiicient physical wither. In the fermenting room the leal 
sometimes dries slightly, but tliis may be obviated by .suitable 
humidification ♦ 
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Durin^^ the first firiii.^-, the tea slioiild bt dried to at least 
12 annas, i,c., till it is cris]). At this state of dryness the niois^ 
tiire content is about 30 ])er cent. Our recoinnicndations re- 
yardiii.i^ the firiiii.^ of tea include an initial teni])erature in tlie 
liriiy^ machine of and a temperature of r^c/'F. above the 

loj) tray wliere the cooled, moist air leaves tlie firiiyy machine. 
More imixirtant, howe\'er, than these suy.i^^estioiis is a need 
for the tea to Ix^ dischary^ed at least 12-aniias drv. Fnless this 
is so, it indicates that the leaf lias been stewini^ and, rather 
than this shall take ])lace, it is preferable to raise the tempera- 
ture of the firin^^ machine, in order to be able to dry the leaf 
to 1 2-annas durin^^ tlie first fire. 

Since the jiractice of lowering the initial firiipQ* tempera- 
tures from 2 2(>’F. to 180 F. has become yeiieral most factories 
are found to be under-machined. The shortage of drviue 
s])ace can ho\ve\er be overcome b\' raising the s])eed of the drver 
tan. In this conixvtion the lollowing calculations are of in- 
terest, A big lMn]>ire Dryer can drv 2n iiiaunds of rolled leaf 
containing 66 ])er cent, moisture to to maimds 12 -annas dried 
tea containing 30 jier cent, moisture in an hour, the machine 
running with an initial tem])era.ture of 220 ’F. M lien the tem- 
perature is lowered to iSo''F\, the oul])ut of 12-annas fired tea 
rs reduced from lo maunds to about 7 maunds jxr hour. If, 
however, the fan sjieed is increased from 350 to 31 k) r.p.m., the 
air blast IS increased in the ratio ot almost to 3. The ont- 
]>ut of 1 2-annas fired tea at iSoFh is similarly increased, and 
difiiculties owing to machine shortage are largely overcome. 

During the second firing the tea is dried to about per cent, 
moisture, although during sorting this value usually rises to 
about 6 per cent. The moisture changes during manufacture in 
the rains may be tabulated as under 

hresh leaf ... contains alxuit 77 per cent, moisture. 

Withered leaf ... ,, ,,66 ,, ,, 

First fired tea ... ,, ,, 3n ,, ,, 

^ i^^al MM • ■ • M M 4 t > »» 

Packed tea ... ,, ,, 6 m m 
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On these figures, loo lbs. of leaf will produce just under 
24 V; lbs. of tea of all grades. 

The rate and conditions under which tea picks up luoisturei 

Moisture changes been studied by Deuss in Java 

during sorting. placed different griides, both leaf and 

broken, into \'cssels in which the- atmosphere was kept at differ- 
ent degrees of humidity. The teas were pre])ared so that they 
contained approximately o, 2, 4, 10 — 12 and 14 — 16 per cent, 
moisture. The closed ^'essels into which the samples were 
placed were regulated to the following atmospheric conditions : — 

(1) Over quicklime ... Relative humidity of air ... o % 

(2) Over 70 % sulphuric acid ,, ,, ... 9 ,, 

(3) Over saturated sohition of cal- 

cium chloride ,, ,, ••.30 ,, 

(4) Over 43 % sulphuric acid ,, ,, • • 50 ,, 

(5) Over water ,, ,, ... ux) ,, 

Further samples were exposed to the air of the laboratorv 
where a self-registering liygrometer sliowed the humklitv to vary 
])etween 70 and So |kt cent. 

The gain or loss in weiglit of the samples was determined 
daily, and the results were found to be tlie same for all grades of 
tea. Over quicklime all the teas losi moisture, tending to 
a minimum of l>cr cent., irresj)ective of tlie original moisture 
content of the sample. The loss was greatest during the first 
two days. 

With a relati\'e liuniidity of 9 ])er cent. (o\er 70 ])er cent. 
sul])hiirie aeid) the loss of water was less jironouiieed. In at- 
iiKxspheres of y) jxjr cent, and 50 j)er cent, humidity, all the 
teas, even those which contained only 4.7 t>er cent, moisture, 
still lo.st water. 

The teas ke])t in a saturated atmosphere (humidity 100 per 
cent.) all absorbed * moisture, even those which originally eon- 


(i) Deuss I J. J. B.— Over bet water aantrekkeud verniogcn van thee— Dc Thcc. 
Sept. 1026, pp. 97-101. 
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t allied 14-16 per cent. Within six da^’s the moisture content 
had risen to 26.5 per cent, in some cases. 

In tlie atm os pile re of the laboratory (liuinidity 70-80 per 
cent.) Deuss found that teas wliich contained 14. 8 to 15.8 per 
cent, moisture, losi; water. Those contaiiiinj^ r to 9.9 per cent, 
moisture, absorbed water from the air. When the humidity of 
the atmosphere fell to 55-60 ])er cent., all the teas began to lose 
moisture again only to reabsorb it when the Inimidity of the air 
rose to 70-80 }>er cent. 

It may he concluded from the a])o\e, that ordinary tea, which 
has a moisture content of about .] to 8 jKU' cent., will keep its 
moisture value fairly constant in an at in os]) he re of relative 
humidity 60-65 cent., so that the latter should be the relative 
humidity of the sifting nx)ni. 

Deuss suggests that the huiniditv of the sifting room be con- 
trolled by drawing in warm air from the drying room. 

In Xorth-Ivast India it is common to i^ap or pukka 
hliatti tlie tea l)efore boxing by jrissing i: quickly through a 
(ir\'cr at about Tliis we consider to Ix" necessary if the 

tea contains more than b jier cent, moisture, but, in the majority 
of ca.ses where moisture estimations liave been made, it has been 
shown that final iiring is not necessary. If leaf is dried to about 6 
per cent, and sorted in a room where tlie relative humidity is 
60-65 cent., no apiireciahle extra moisture will be gained or 
lost during sorting. M et and dry bulb thermometers should lx* 
].>laccd in the sorting room and a check ke])! on the hniiiidity. 
If the dry bulb is 85 Ph then tlie wet bulb .should read ahnnit 
76'’F., to indicate a relatixe humidity of 65 per cent. M ith diy 
bulb readings of go’F.. 05"!'., and uhPF.. the wet bulb should 
read io‘'F. lower. 

Although tea, during sorting, is liable to rajnd changes in 
moisture content, tea stacked in heaps dtxs not change 11 inch in 
a short time. Observations made in the Dooars ha\C shown that 
the moisture content of the outer portion of the heap, a layer of 
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an inch or so, changes rapidly, but that, inside the heap, the 
change is negligible during the first day or two of stacking. 

In Xorth-Rast India it is usual to aim at 6 per cent, moisture 
in packed tea and to this end it is becoming common for tea fac- 
tories to instal apparatus for accurately determining moisture. 
Obser\-ations carried on throughout the season at. New Glencoe 
Estate in the Dooars (2) .showed that in the early part of tlie 
season when “ breaks were made at long intervals, the tea 
often picked up so much inoisture that a final fire was necessary 
before packing. In the rains, however, when tea was bulked 
and packed soon after it was made, the moisLure content seldom 
touched 6 per cent, and final firing was unnecessary. In other 
factories the great \alue of moisture estimations has also been 
demonstrated. 

Although nianv planters, with years of experience to draw 
upon, can decide, with some accuracy, wliether 
iJstiination of sliould be final fired or not, it is mnch 

moisture. 

more reliable, and certainly worth while, to 
estimate scientihcallv the moisture in tea Ix^fore ])acking. Such 
an estimation inav not only .save an uneconomic final fire but 
also, by .showing that a final fire is nnnece.ssary, lead to an im- 
pro\ement in the tea nhich, if packed t(X) dry, will not mellou 
or mature. 

The apparatus required for nioi.sture determinations is as 
follows : — 

1. One chemical balance in case accurate to o.(xj 3 gins. 

2. One box of weight.s — 50 gms. to o.oi gins. 

3. One copper steam oven, 23 cms. 

4. One desiccator with ]xwcelain plate, diameter 15 cms. 

5. One dozen porcelain basin 6 cms. diameter. 

6. Five pounds calcium chloride for desiccator. 

7. One Primus Stove. 

/ 

h) We are indebtea to Mr. TIaines of New Oleiicoe Estate for very full 
moisture estimations made during the 1927 season. 
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Tlie cost of this apparatus, which niav be purchased iu Cal- 
cutta, is under Rs, 2 (x>. 

The moisture content of leaf or of tea is estimated by com- 
pletely drying a weighed quantity of the substance in an oven 
lieated to kx/'C. by boiiin,!^ water. The dried sample is then 
weii^hed and the loss, which constitutes the water dri\en off, is 
calculated. Detailed steps of the estimation are as follows : — 

1 . Accurately weij^h a clean ])orcelain basin to the near- 

est 0.0 1 

2 . Take a fair average sample of tea and weigh accurately 

into the basin lo gins, of same. 

3 - ace basin and tea in steam oven in which water is kc])t 
boiling by a Primus stove or other suitable means. 
Kee]) in o^'en lor two hours. 

4. Take basin and tea from oven and put in desiccator to 
cool over calcium chloride. 

Weigh cooled basin and tea quickly. 

If this o])eration is not carried out in a few minutes the 
tea, Ixnng hygroscopic, will pick up moisture and inciease in 
weight. 

b. Put basin and tea back into steam oven for an hour. 
Cool and weigh again. 

If second weight differs by more than o.a gms. from the 
first, put basin back into oven lor an hour, c(k^I and weigh again. 

The calculations are made as iollows. Por example . 

Weight of basin - 4*-3 

,, + tea 34*-3 »» 

> j » ' 

Weight of tea ... 10.00 ,, 

,, after heating (1) ■■■ 33 -^^ 


Weight of dried tea 
lyoss in weight ... 
Moisture 


9.44 gms. 
0.56 ,, 

5.6 l>er cent. 
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The desiccator is a glass vessel with a glass lid, 
rendered close fitting by a little grease. In the bottom of the 
\cssel is a space for calc in in chloride, which keeps the air 
within the dessiccator dry. The basin and tea must be cooled 
before they are weighed, otherwise acenrate weighinent is 
impossible. 

The apparatus is not only of use in determining the mois- 
ture of finished tea but also in checking the moisture percentage 
of the first fired tea and of the fresh leaf. 

In Java it is becoming the practice in tea factories to estimate 
the moisure in tea before it is piicked. In that country a some- 
what different method of estimation is employed. Twenty-five 
grams of tea are placed in a copper flask with toluene, and the 
mixture boiled. The vapours, consisting of steam from tlie 
moisture in the tea and toluene, are condensed and returned to a 
graduated tube, in which the water sinks as a layer Ixdow the 
toluene. The volume of water is easily read off in the tube and 
the moisture |>ercentage in tlie tea calculated. 
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It has now been pjeneralE accepted as a result of experiende 
that sprayin^^ with lime sulphur solution is a valuable addition 
to the fi^eneral routine of tea culture in North-East India. Un- 
fortunately it is rarely po.ssible to spray the whole area of a 
garden without undue interference with other equally important 
work. It is therefore necessary for the managers concerned to 
select which blocks they will spray. The object of this article 
is to help planters to make this selection. 

First of all there are some diseases which, if not treated 
directly by the application of fungicides, will cause serious loss- 
es. It will always pay to spray tea which is attacked by such 
diseases even when the attack is slight. There is no difficulty 
in making a decision in such cases. It is where there is no 
disease of this nature that it is sometimes hard to decide which 
section should be selected for spraying. 

It is necessary to have a clear idea of the work which spray- 
ing with a fungicide such as lime sulphur solution is intended 
to do. The lime sulphur solution will kill the fungi with which 
it comes into contact. It has no purer to kill fungi which are 
in such a position that the fungicide cannot reach them. A 
fungicidal spray fluid therefore has no direct effect on fungi al- 
ready present inside the tissues of the plant but it may of course 
be helpful in preventing these fungi getting into the tissues by 
killing these before they enter. In this manner it tends to reduce 
the amount of disease attacking the w(xxly {x>rtions of the plant 
by protecting the wounds. Once a fungus is within the woody 
tissues of the plant the application of a fungicide has no direct 
influence upon it. It is therefore useless to spray a tea bush with 
rotten branches with the object of kilting the fungus producing 
the rot. 
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There are llo\ve^■er many fungi which cause considerable 
damage to this plant without penetrating so deeply that a fungi- 
cide applied cxteriiallv will have no intluence upon tliem. Ex- 
amples of this type of fungus are those causing Tliread blight 
and Black rot. While the fungi which cause Brown blight, Grey 
blight, Blister blight only remain immersed in the tissues for a 
comparatively short time. The application of lime sulphur solu- 
tion by reducing these fungi impro\es tlie health of the bus.hes 
and so indirectly lielps to reduce loss due to other fungi. The 
diseases which are most readiU' influenced by spraying are those 
which attack the \'ounger |)ortions of the ])lant, jxirticularlv the 
green portions. If all the younger portions are cut oflF as iu 
lieaey pruuiug the possible benefit likely to accrue from spraying 
is \'ery limited. If a])])lied immediately after ])runiug it is more 
or less con filed to the temporar\‘ jirotcction afforded to the 
wounds. It is tlierefore unlikely that any spectacular increases 
in crop uull result from spraying liea\y primed tea. Unless 
such tea is badly hidebound or it is known to have lK‘eii infected 
by a dangerous disease sucli as Black rot before pruning it may 
be left out of the spraying programme. The same applies to 
stick pruned tea. 

The best results from s])raying may be exiiected from tea 
which bears the inaxinuiin amount of \anmg growth, i.c., to]) 
]>ruiied or an pruned tea. Uu ft>rtuiiately such tea is much more 
difficult to s[)ray and the fluid required per acre is often more 
titan double that required for stick pruned and heavy 
pruned. On this account many planters only .spray the 
heavy pruned and stick primed areas. This is a mistake ak 
though the cost oi s]>rayiiig such areas is less the increase in 
crop as a result f)f the spraying is also less and the profit per 
unit of money in v ested is not so great. 

On most gardens more tlian half the area is top pruned or 
un pruned annually Tuul it frequently happens that it is impossible 
to spray the wliole of this area. It is therefore necessary to make 
a further .selection. If a disease known to be likely to cause 
serious loss is present on any of the sections ‘concerned it is of 
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course ob\iou.s that those sections slifjiild be chosen for sprayin^^^ 
and it would be better to arrange to spray tlK)se sections twice 
rather than a larger area once. 

Where no special disease is present it is well to select the 
areas ex])ected to give the liigliesi yield. Experience has shown 
that the greatest increase is likely to be <;btairnjd from die liigli- 
est yielding areas wliilc the cost of ap])]ication is a])]jrt.exinuitel\’ 
tlie same. Alter all tlie object of all o])erat!ons on a tea garden 
should be to obtain profit. The reduction! in tlic amount of dis- 
ease present on a particular are i is onl\' undertaken with a \ :ew 
to increasing profit. In tlie case nf the comnKmer diseases such 
as lE'own hliglit, (I rev Idiglil, Ived rn>t total eradicaLion is quite 
out of the (piestion and unless ilie co>t ol special u])e rat ions for 
tlicir reduction is likely to l^e lialanced ivc tlie xalne of tile in- 
creased crop it would be more jirolitable to eonfine inie’s attention 
to other nietluxls of increasing croji sueli a> manuring, resting, 
etc. 

To make this point clear let ns consiik r iwc^ sections neiiliei' 
of wliich arc attacked by a particularly dangerous disease but 
Ixitli attacked by tlie usual mixture of lu'own bligh.t, Eivy blight 
and Red rust, in the one section the bushes have |x:-or frames, 
sav’ U) per cent, of xacaiieics, and only viekling a tiHal ol fn‘c 
inaiinds of tea per acre.' Assuming tluil the reduction in blight 
brought about by spraying will yield lo per cent, more leal (tliu' 
is a reasonable figuie) tliis only means lialf a iiiaund of tea ]vr 
acre. This increased profit may in some cases barely cover tlie 
eost of spraying. It would probably pa\' belter in tlio.ee cases to 
spend the same amount of moncx' and laixiuron increased inamir- 
ing, filling in vacancies and increasing tlie \ igoiir oi tlic bushes 
by leaving the pwrer ones unpliickcd. In the case of a section 
yielding ten inauiids per acre hoxvex cr an increase of lu per cent, 
due to reduction in blight would always pay a hand some prolit 
un the cost of spraying. It is thcrelorc suggc'^tcd that in the 
^ibsence of disease likeh’ to assume epidemic form under coudi- 
tioiis favourable to the parasite coiicerued spraying should be 
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limited to areas on which an increase of lo per cent, in the crop 
will pay good profit on the cost of the operation. 

On most gardens it is difficult to find tlie necessar3^ labour 
for spraying on a large scale except during the period between 
the completion of the pruning and the commencement of the 
plucking. This is fortunately the best season for the application 
of fungicides to top pruned and unpruned tea. It is however 
unsuitable for the treatment of heav\' pruned and stick pruned 
bushes as the presence of the tender shoots renders it necessary 
to reduce the strength of the .solution applied. Where it is 
desirable to spra}^ such tea the spraying should Ik" carried out 
inimediatel}^ after the jmuning of tlie sections concerned. Where 
a disease such as Black rot lias been present on the tea lx* fore it 
was pruned a second application should be made after the removal 
of the first flush. This should also be made in the ca.se of un- 
pruiied and top pruned sections where diseases of this nature 
have been present in the previous season. Where no serious 
disease has been found it usually pa^ s better to spray a larger 
area once than a smaller area twice. 

In all cases ^ however, it is of the utmost im|x>rtance to see 
that the work is properly done. Tlie managei himself or a res- 
ponsible assistant .should ascertain by experiment the amount of 
fluid necessary to cover every part of a number of bushes repre- 
sentative of each tyjx of pruning completely and thus estimate 
the amount of fluid required per acre in each case. If this item 
is known it is comparatively simple to check the work. The 
success of the spraying depends first on the prejiaration of the 
fluid and secondly on the completeness of the covering of the 
bushes with a film of the fluid. For purposes of estimating the 
amount of fluid required per acre the figures given in “Quarterly 
Journal, “ Part IV, 1926, may be taken but those figures are only 
useful for that purpose. The actual amount required must be 
ascertained by experiment on the sections concerned. 


The preparation of the concentrated fluid needs care. The 
principal difficulty is the lime. Unless good quicklime can be 
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obtained it is better to buy the solution ready made from Calcutta 
chemical firms. A solution of 30^ Beaume concentration may 
be obtained at Rs. 2 per gallon. If good quicklime can be ob- 
tained it is certainly much cheaper to make the solution on the 
garden, but it is necessary to supervise the manufacture careful- 
ly. Details of the manufacture and the dilution necessary for 
both home made and ready made concentrated solutions may be 
found in Quarterly Journal/' Part IV, 1936. 

The question is often asked whether it is }X)ssible to make 
a more concentrated solution on the garden. It is quite jx)ssible 
but on account of the additional supervision required it is not 
practical. When preparing very concentrated .solutions extreme 
care is necessary both in the purity of the materials and in the 
methods employed. For instance, tlie temperature and time of 
boiling require to be exact— too short or too prolonged boiling 
will give a different concentration. The easiest way to prepare 
the concentrated fluid is by injecting steam from a boiler. It is 
however necessary to use a thermometer to ascertain when the 
liquid is actually boiling as it is impossible to say whether the 
fluid is actually boiling when steam is bubbling through it. 

To ensure even distribution of the fluid it is essential to have 
the machines in good condition. It is particularly imix)rtant to 
vSee that the nozzles produce a film mist -like spra^^ Too often 
the apertures liave become worn and the spray is too coarse. It 
is a good plan to replace the nozzle ajx^rtures e^•erv year. The 
hole should not be much larger than that made bv a large size 
darning needle and the spray produced should be fine enough to 
float on the wind. Within limits the finer the spray produced 
the more eflicient the spraying. It is obvious that more fluid will 
be used to cover the bush if the drops are large. The object 
in view is to obtain an unbroken film of fluid over all parts of 
the plant. Nothing is gained by putting on more than this as 
It will merely run off into the ground. 

To do spraying economically it is necessary to think out the 
'organisation carefully. Unless this is done a great amount of 
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time and money may be lost. For this reason it is desirable to 
restrict the spraying to a comparatively small area in the first 
season and in future years utilise the experience gained when a 
large area may be undertaken. It is fo(dish to attempt to spray 
the whole area of a large garden in the first season unless the 
presence of a serious disease makes- it imperative. 

While it is safe to assume that not less than lo per cent, 
of the total crop in Xorth-Kast India lost annually from the com- 
bined effects of the diseases caused bv the commoner vegetable 
parasites could be saved by spraving it does not follow that it 
would pay to sprav the whole area as in some cases the cost of 
the application w(ndd exceed the value of the tea saved. 

To summarise — 

I. Spraving with a. fungicide will only directly intluence 
vegetable parasites with whicli it may c()me into 
intimate contact . 

It is useless against parasites which arc at the time 
of application immersed in the tissues of tlie plant. 

3. Under ordinary conditions most of the diseases likely 

to be influenced by spraying are removed when a 
bush is heavy pruned or stick jjruncd. The Ixiiiefit 
likely to accrue from spraying is therefore limited 
to the temporary protecti(m of wounds, the softening 
of hide-bound hark and the renun-al of such parasitic 
fungi, e.g., Thread blight, Black rot fungus, 
which may be })reseiit outside the old bark. 

4. Spraying is likely to be most beneficial to top pruned 

or un pruned tea. 

5. The highest yielding sections are likely to give great- 

er increases as the result of spraying than poorer 
yielding ones. 

6. Where certain diseases likely to cause serious damage 

are known to be present it is desirable to vSpray the 
sections concerned under any circumstances. 
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7.. Good quicklime is essential for the preparation of good 
lime-sulphur solution. 

8. The solution must be boiled properly. 

9. A fine spray is essential to efficient spraying and atten- 

tion should be paid to the size of the apertures in 
the nozzles. 

10. To obtain good results from spraying it is necessary 

to organise the work carefully. 

A great deal can be learned a]x)nt a section of tea by study- 
ing the yields for each round of plucking for the previous season. 

If we plot the yields for eacli plucking of a light pruned or 
un pruned section on squared ]xii)er it is possible to identify the 
different flushes by tlie sIia[K^ of the curve. By adding together 
the yields constituting each flush we obtain Aa c or six numbers. 
If we divide these mini hers hy the area in acres of the section 
concerned we lunc the vield ]Kt acre for each flush. This can 
be done with tlic yields for each plucking for all the sections 
on tlie garden. If tliesc figures are ]>Iotted on squared ])aper it 
is possible to compare sections which lia\ e be '*11 similarly treated. 
The difference between tlic eur\ es of sections attacked by disease 
can often be seen at a glance and it is frequently possible to 
obtain some idea of the losses caused hy particular diseases. If 
managers care to send the necessary in form at inn to Tocklai the 
writer is willing to work out tlie figures and make suggestions 
thereon, Tlic following information is necessary ; — 

I. The yield for each round of plucking of 

(u) the doubtful section. 

(b) a similarly pruned section apparently liealthy and 
vigorous. 

2. The pruning and annual yields of cacli of the sections 
concerned for the previous Ine years. 
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PLUCKING EXPERIMENTS AT BORBHETTA. 

BY 

H. R. CoOPKR. 

Special interest attaches to results of a plucking experiment in 
the first year of the experiment. It is of great importance to 
have an ideii of the probable immediate effect of any change 
from the ilt^inal plucking system. In the case of these ex peri - 
inents^ therefore, a new method of conducting field experiments 
on tea was adopted, which it was hoped might pro\-e more ac- 
curate than tlie usual method of averaging yields from a number 
of plots under the same treatment, but selected by chance, ir- 
respective of previous yield. 

These particular ex]x:riments were conducted on an area 
of Bazalony tea planted in 1919 at 5 feet by 5 feet triangular. 
The area consists of eight plot.s each containing eight lines 
of eighty bushes. Two lines of tea are missed between each plot, 
and in the intervals thus left are drains. The outside lines of 
each plot are therefore about seven feet from the edges of the 
drains, which are too far to cause the suffering of the bushes 
which is so noticeable on bushes close to drain-sides, at least in 
sandy soil. On the contrary the outside lines of tea gain so 
much from the wide strip of clean soil between them and the 
drains that they yield about 50 i:>er cent, more crop than the 
average inside lines. The yields from inside lines vary nueveiily. 

Each of the 64 lines was plucked in the same manner, and 
the leaf weighed separately, during the seasons 1924, 19^5 and 
1926. 

At the end of 19^6 tlie lines were divided into lO sets of 
4 lines each, such that each set contained — 

I highly yielding outside line, 

I highly yielding in. side line, 
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I moderately yielding inside line, 

I poorly yielding inside line. 

The lines forming each set were selected so that the sum 
of the yields from the four lines in each set was within 2 per 
cent, of the average yield of the 16 sets of four lines. 

The four lines of eacli set, also, were scattered pretty evenly 
over the* block of tea so that small seasonal variation in crop due 
to such factors as distance of land above water level should not 
affect any one set unduly. 

The sixteen sets of four lines thus re])resent areas of the 
same variety of tea of the same age, which have been under simi- 
lar treatment for se\en years, have yielded very similarly for 
three years, and are similar in situation. 

We have therefore reason to exi)ect that if treatment had 
continued to be similar the yield would have remained very 
similar, and that differences found under different treatments 
are directly due to the effects of those treatments. 

To measure the accuracy of this assumption two of the most 
important systems of plucking were each re}>eated on four separ- 
ate sets. The yields obtained from these sets were in satisfac- 
torily close agreement. 


Fluckiag sy^teuj. 

Set 

No. 

i 

Vieida in Ibu. green leaf 
}>er 320 buahea 1027. 

Average yield. 

G" new wtKxl and tljen 

2 

761 


to juniiin 

11 

734 

747 


12 

745 



13 1 

748 


0* new wood, tlieu 

6 

667 


1 big leaf, then 

14 ! 

570 

071 

janutn 

15 

681 



16 

667 i 



It will be observed that the maximum differences between 
the average yield and that of any one set under the same treat- 
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ment occur in the cases of sets 2 and u which differ from the 
mean yield by 14 lbs. or about 2 [)er cent. In the cases of the 
6 other sets agreement is very close indeed. It may be assumed 
therefore that the experimental error of the result from any one 
set is not likely to exceed 2 per cent. 

The tea was heavily centred early in 1921, cut at 20 inches 
and spaced out a year later, and to]) pruned since. Top prun- 
ing in 1926 and 192; was absolutely flat, leaving a horizontal 
surface, one inch above the previous year’s pruning : dead wood 
and banjhi shoots were removed but |X)or shoots if they showed 
more than two plucking marks were left. 

In these experiments we are dealing with gcuerallv \’igor- 
ous, mature, high tea. The results would not apply to the 
cases of low, or p(x>r tea; and would not necessarily apply even 
to this same tea if it were differently pruned, or manured, or 
subjected to different weather factors. 

In all these ex|)eriments two lea\es and a bud only were 
taken; if any shoot showed three lea\cs above the position indica- 
ted by the system of plucking, the tliird leaf was broken back 
and thrown away. From any shoot wliicli was ha)iihi the top 
leaf only, while still soft, was taken into the baskets; anv second 
or third leaf from a banjhi shoot being broken back and thrown 
away ; these orders were, of course, not perfect h* carried out, but 
accidental departures from thorn were infrequent. Plucking in 
every case was on Friday in each week. 

In the tables are shown the total leaf plucked in each period 
of four weeks (sum of four p! lickings). The results obtained 
are discussed below. 
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(i) Effect of Leaving Different Lengths of New Wood before 
Plucking, 

It will be seen from trials No. i to 4 (Table I) that during/ 
April when the first flush only was being taken, the closer the 
plucking the greater was the \k\d obtained. During May no 
system of plucking yielded any significant quantity of leaf, be- 
cause growth of all bushes was then so stunted as to be 
practically stopped by what is generally described as “green- 
fly attack. Only a few very small shoots were taken until the 
bushes “ came through “ in June. In June yields were almost 
identical whether 4, 6, 8 inches of initial growth had been left, 
but many shoots were going haujhi at about S inches, and did 
not reach the lo-inch lexel, so that crop from leaying to inches 
of new wood was reduced significantly. For tlie rest of the 
season there was \’ery little difference in crop whether 4 inches, 
6 inches or 8 inches liad been left originally ; but when 10 inches 
were left a further loss occurred in July when waiting for shoots 
to grow 2 lea yes and a bud a bo ye 10 inches before plucking. 
After that crops were much the same froiiT all four systems of 
plucking fur the remainder of the season. 

It would appear then from these trials that it makes little 
difference to crop whateyer initial growth is giyen u]) to 8 inches, 
except ycry early in the season when collecting “ tippings ’’ 
^>f small yalue for tea making. 

This result is confirmed in trials No. 5 to 7 when a big 
leaf is left after the first flush. Here again thei'c is no very 
great difference in crop whether 4 indies, 6 inches or S inches 
initial growth is left. 

It is very necessar\- to consider whether this result is of 
general application. It is generally expected among planters 
that sparing plucking early in the season will gi\e more tea at 
the end of the season. The early close to the season in 19-7 
niight have reduced the late crop from the more sparing!}’ 
plucked bushes in these trials. The “ green-fly ” attack in May, 
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on the other hand, might have reduced the ex|:>ected early crop 
from the more closely plucked bushes. 

It is probable, however, that the total yields quoted are 
normal for the tyi^e of big, vigorous, leafy, well-manured bush 
used in these trials. On such bushes it probablv does make 
only a small difference to final erq-) whether 4, 6 or 8 inches 
of initial growth is allowed. When ten inches were left there was 
a considerable difference because so many shoots went haiiihi 
before reaching to Inches, and took a long time to come through 
again and grow above the to inches level. From general 
observation it appears that shoots from different bushes go 
hanjki after different lengths of growth. Very poor bushes 
scattered among the tea of this experiment went hanjlii long 
before they reached S inches. On another area at Borbhetta the 
check plots from a series of manuring plots gave maunds 
tea per acre when plucked to 8 inches in 1927 whereas in the 
very similar season i()25 they had given 7.7 maunds when 
plucked to 6 inches. In 1927 the second flush was not being 
taken from these plots to any significant extent till the end of 
July. 

When a shoot is going hanjhi, the act of plucking (which 
is in effect a light pruning) stimulates fresh vegetative growth, 
and thus forces a fresh flush. This forcing must further debili- 
tate a weak buvsh ; wliile if the hanjhi shoot is left to grow till 
new growth comes away, the effect must be to strengthen tlic 
bush considerably. Experiments at Tocklai over a series of 
years show most remarkable improvement in the appearance of 
bushes from which hanjhis are never plucked. The prCvSent 
evidence therefore indicates that if a section of top pruned tea 
is plucked at 8 inches, there will be little loss of crop from the 
good hushes', while the poor ones will be improved very con- 
siderably. Good bushes may stand plucking to 6 inches, hut 
little increase of crop is to be expected from the harder plucking 
of such good bushes. If poor bushes are plucked to 6 inches 
the probability is that they will lose vigour still more ; while if 
poor bushes were plucked to 8 inches a loss in crop is to be 
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expected, but a gain in vigour sufficient to justify the loss of crop 
may be looked for. 

{2) Effect of Leaving a Big Leaf after Tipping. 

It has been ix)inted out abo\e that crops, after May, varied 
little whether 4 inches, 6 inches, 8 inches initial growth were 
left : but, it will be seen from Table I that the leaving of a 
big leaf o^’er the initial plucking causes a very considerable loss 
of crop. 

In the cases of the trials leaving 6 inches initial growth, 
the exj^eriment was re]x^ated on four series of four lines each, 
both when plucking was afterwards immediately to the j an uni, 
and wlien a big leaf was left. The individual results from eacli 
set arc quoted in order to gi\‘c an idea of the probable accuracy 
of the averages (Table II). 


Table II. 


Effect of leaving of big leaf after () inches initial growth 011 
crop during season. 
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The second flush was coiuiug away early in June and earned 
on into July. During these two months it will be seen from 
Table II that there was a very marked loss of crop when a big 
leaf was left, while waiting for the extra leaf to grow and later 
probably because the more leafy bush received less stimulus to 
growth. 

During the next four- week period (August), a slightly in- 
creased crop was obtained when plucking over the big leaf. 
This, however, was not maintained and the more leafy bushes 
flushed less strongly from the end of August till the middle of 
October. For the remainder of the season the brnshes plucked 
over a big leaf gave slightly bigger crops than the hard pluck- 
ed bushes. It is, of course, possible that if the '“back end “ of 
the season had not proved so much poorer than in average 
.seasons, the more lightly plucked bushes might have made up 
more of the loss they had made earlier in the season. 

In 1927 the loss from leaving a leaf over 6 inches initial 
growth,, amounted tp 10 per cent, of the crop» which on this tea 
is equivdilent to a mauud and a half of tea per acre. When 
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plucking to either 4 inclics or 8 inches initial growth, the losses 
from leaving a big leaf were similar as will be seen from 
Table I. 

When examining tlie bushes at the end of the season, it 
\ras not considered by any observer that there was generally any 
noticeable impnwement in the appearance of the bushes from 
more sparing plucking applied by leaving a leaf. In following 
years, improvement may become noticeable. 

When the bush is spared by lea\’ing longer initial growth 
as long as i(; inches the improved appearance of the bush, and 
tile greater thickness of the pruning wood was quite marked, 
even to casual observation, alihoiigh tlie crop obtained (12 93 
maunds) was little less than was obtained from leaving a big 
leaf over an initial growth of 6 inches (13.15 maunds). 

On the whole, as far as one can guess from the limited 
evidence available, it is considered that if bushes require more 
sparing plucking (as a measure of renoxaiion) it would be better 
to leave longer initial growth than to lea\e growth afterwards. 
If one plucks to 8 inches the poor bushe.s will go himjhi before 
they reach 8 inclics and bv the tune they come away again, will 
be more spared thaii if growth be forced by ] ducking at 0 inclics 
even though a leaf were left later. 

The iea\'iiig of 8 inclics on a\erage tea (about j'2 maunds 
per acre) would reduce yields greatly lor a time. The a\crage 
section in commcivial practice .s a mixture of gwd high bushes, 
and ]xx)r low bushes. The tornier generally ge. away and tend 
rather tc be nnderidncked, the latter are generally badly over- 
plucked and get worse and worse. The very even sheets o1 tea 
at Tocklai and Borbhetta, and on many gardens, ]ia\ e been pro- 
duced bv plucking to a measure iroiii the ground for some yeais 
at least This metluxi ensures that the weak bushes are not 
plucked hard, until they can stand it. 

Growth hy end of Season after Ttpf>i}ig at Difjerent Hei^ht.s. 

At the end of the season, twehc bushes in each Hire were 
measured to determine the total length of growth made during 
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the season above the pruning level, both in the centre and on 
the extreme outside. Six of these bushes were from the north 
end where the soil is good, and bushes consequently vigorous : 
the other six were from the south end, falling on a strip of jX)or 
soil carrying poor bushes. 

The following results were obtliined : — 

Table III 

Growth above pruning level during season. 

(Fach figure is the uiean of 2./ hushes; exeeft those from 
6 inches flitckiug lehich arc means of 
1)6 bushes). 
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It will be obser\’ed that a difference of 2 inches in original 
plucking height makes a difference of only about i inch by the 
end of the season, except in the case of the 10 inches plucking 
which by the end of the season leaves the bushes about 2 inches 
higher than the 8 inches plucking. 

It will be observ^ed also that the good bushes had grown at 
least an inch higher than the poor bushes, and that the centres 
of all had always grown higher than the outsides by about an 
inch. These differences are due to differences in lengths of stalk 
between the last plucking and the new januin. 
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It will be seen also tliat the leaving of a big leaf makes a 
bush at the end of the season about two inches higher than when 
plucking to the Januni on the same length of wood. 

The measurements given can onlv be accepted as iudica^ 
tions. There is a great variation between the heights reached 
bv different bushes under the same system of plucking, the 
\ igorous bushes making greater lengths of growth than the jwor 
ones. The measurement is also a difficult matter. 

In the case of the “ 6 inches-to-januin,” and “ 6 inclies- 
leavi!ig-a -big- leaf systems of jd licking, each of wliicli were re- 
peated on four different sets of four lines, the following figures 
showing rat lie r jKXJr agreement were obtained. 

Grovs th from Imshes tipped at 6 indies. 
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(3) Trial of I,ciiviu-i^ Leaf icJiilc Maiutaiuini^ LhU Bu^h, 

When ;i leaf i.s left on tlie second flush the surface of the 
biisli becomes slightly comes; .erowtli is more vi.uorons in the 
centre and there is a greater leiyfi;th of stalk between the fiist 
plucking mark and the new big leaf a)x)^■e it in the centre tlian 
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on the outside. Even near the centre, growth is not. quite e\‘en 
so that pluckers when leaving a leaf take shoots from somewhat 
different levels, and the result is a somewhat uneven, and, in 
places, too empty plucking surface. The great advantage of 
plucking to a measure is the ease of accurate plucking once tiie 
plucking surface is established. A slight modification of the 
svstem of “ ]ea\ing a leaf was therefore tried. The initial 
length of 6 inches lia\‘ing been left and a flat surface establish- 
ed, a new measure of 8 indies from the ]n'uniiig surface was 
issued, and plucking thereafter was at the S-inch level. This 
had the effect of leaving much longer growth on the outsides 
so that early crop was lost. The resulting busli at the end of 
the season had a flatter, and more even, fuller surface, with 
stronger outsides, .so tliat the loss made mav ])robabl\‘ Ik ex- 
pected to be made U]) in later years. 

The* loss in crop was made between June 3rd and July 22nd 
when it 6 lbs. leaf were taken by plucking to 6 inches and then 
to 8 indies, as against 138 lbs. from leaving a big leaf over 
6 inches initial growth. During the remainder of the .season 
crops were about the same. 

(4) Trial oj Conical Plucking and lufccl i>f I .caving 
Yoiinir !,caf on Bush. 

A trial of the old ** conical ” svstem of jilucking was also 
made. 

vSup porters of such systems advance three main arguments 
in their favour : — 

(a) A conical bush has a larger ])luckiug surface than a 
flat hnsh, 

(h) Tlie centre shoots must grow more rapidlv than the 
outsides, whidi latter are lx)und to grow weakl>‘ 
and CTm only yield well if plucked hard. 

(r) The bush requires tliat young v igorous leaf shall be 
kept on it, if it is to remain vigorous. 
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With rt^^ard to (u) it is true that from the conical surface 
some shoots approxiniatint^ to the horizontal arc plucked : but 
since from the long growth left much fewer shoots arising from 
buds near the ]>runing cuts reach the surface, it is probably 
generally true that the conical surface has actually fewer pluck- 
ing points than the closer-plucked flat surface. 

(b) As far as the first few \'ears are concerned the argument 
is correct; but if sides are left to grow they do eventually be- 
come strong. Bushes ])lucked flat for some years will carry 
very nearly as strong shoots on the outside as on the inside 
branches. 

(r) The need for “ young leaf ” a})}-)ears to \ ary \ try much 
with different bushes in different districts. It is a question 
very difficult, to decide without mam' experiments in different 
districts and on different classes of tea. 

The actual .system tried was ])robably tlie commonest 
throughout tea about twenty years ago. Three big leaves arc 
left when tipping, this commonly leaves alxnit n inches in the 
centre and 3 inches or le.ss on the outsides. Above that two big 
leaves were left leaving the centre alxnit lu inches or more, and 
the outsides about 4 inches. Ahwe that one big leaf is left : 
subsequent plucking (from alxmt the end of August) being to 
the januni. 

In none of the exix.u-iiiients di.scussed here had it paid (in 
the first year) to leave any extra growth after the tipping, but 
it does not follow that this would lx‘ true for all districts and 
all types of bush. 

To test this theory wliiie still keeping a flat bush a trial 
was made of tip])ing at 4 inches, then wlien the sides had come 
vtp to the centre, raising the plucking a turther c inches, and 
later a still further 2 inches, lu Table I\ tlie results of this 
System are compared with those from the conical plucking, and 
also with certain variations in flat plucking. 
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Table IV KJves first tlie results from plucking/ to 6 inches, 
taken as a standard flat ])lucking for comparison. It will be 
observed that o\'er the whole season the “ conical phicking 
shown next in the Table makes alxjut 6 })er cent, less crop. 

Because the conical plucking attacks the .sides so severelv 
the tipping in April yields ^■erv considerably more crop than is 
obtained when the sides arc left till they come up to six inches. 
In June when .some first flush was still being taken the conical 
plucking still yields the more. In July when practically only 
second flush was being taken there is naturally a considerable 
loss while waiting for two extra lea^es to grow, but the bigger 
(and coarser) shoots taken above two leaves in the next four 
weeks give a larger weight of leaf than from the closer plucking. 
From Sep tern lx;r 23 rd till Octol>er ]4th, the conical plucking 
again loses leaf, for during this jXfriod maiiv shoots still had to 
be left till the extra leaf grew. This period was again followed 
by a j)eriod of increased crop which might possibly have been 
maintained longer had the end of the season proved better 
climatically; but by this time the outsides were exhausted and 
hiinjhi, while the centre liad grown tall thick shoots, too leafy to 
receive much stimulus to flushing. The crop after the middle 
of November was actually smaller than from any otlier plucking 
method tried. 

At the end of the season the lines plucked by this method 
present a most ragged a])pearancc. A few very i^oor bushes had 
grown no higher in the centre than about S inches above the 
pruning, while the most vigorous had grown 21 inches above the 
pruning. The a\-erage good hush liad grown to alxmt 17 inches 
above the pruning in the centre, slojnng down to bdujhi growth 
the sides. 

The curved surfaces also were not smooth, but irregular as 
different shoots grew at different rates. The system was found 
most difficult to follow accurately, and was very unpopular with 
pluckers. 
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Pluckiug at 4 Inches, then 6 Inches, then S Inches, 

These lines were plucked to a 4-inch measure till the end 
of May, after which 6-inch measures were used. From 
Table IV it will be observed that yields to the end of June were 
practically identical with those obtained froin pluckinj^ at 4 inches 
and then leaviiyc: a big leaf on the second flush. Eight-inch 
measures were used from July 8th. It will be observed (from 
Table iV) that up to August 19th, tliere was little difference 
whether the bushes were plucked at 8 inches (after plucking at 
4 inches and then 6 inches) or at approximately 6 inches (4 inches, 
then 1 big leaf). For the remainder of the season the bushes 
plucked 4 inches, 6 inches, 8 inches, yielded better than those on 
which one big leaf was left over 4 inches. The total gain was 
only about 4 per cent, and possibly may not be significant : but 
the result indicates a possibility that tliere may be conditions 
under which it pays to leave growtli. 

The next line in the table repeats (for easy com pari. son) 
the results from plucking at 4 inches to the janum. It will 
be obser\-ed that the general principle — that leaf is lost by 
leaving any growth above the original ])lucking level — still holds. 

Two other results are repeated in Tables IV for ca.se of 
comparison . 

In these trials there are three systems of plucking by 
which the final height of the ])lucking table above the pruning 
is 8 inches before the use of a measure is abandoned. 

These are — 

1. 8 inches to janum yield during season 733 lbs. 

2. 6 inches, then 8 inches ,, ,, ,, 650 ,, 

3. 4 inches, then 6 inches, 

then 8 inches ,, ,, ,, 726 ,, 

For comparison : 

4 inches to janum ,, ,, ,, 755 ^ 

Up to the end of May while tipping, the yields vary, as 
expected, with the closeness of the plucking. (See Table IV.) 
In June and July both systems (2 and 3 above), under which 
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later growth is left, lose leaf as compared to the system under 
which the original plucking lieight is maintained (8 inches to 
janum). But system (2) loses mucli more than system (3) al- 
though the bushes ha\-e received only one clieck instead of two. 
It can only be surmised that the greater stimulus to \egetatiye 
growth from the earlier 4 indies plucking was persisting. 
From July 29th to August 19th all three systems yield alike : 
but from August 26th to October 14th the 4-6-8 s\'stem leads, 
after which all become roughly equal again. 

Once a flat surface at the gi\en height was established the 
measures were no longer used; but pluckers took all growth 
above the established le\-el. lea\ iiig a small non-serrated {janum) 
leaf above the last plucking mark. There is always a certain 
length of stalk between the last ])lncking mark and the janam 
left, so that by the end of the season bushes have grown quite 
considerably abo^’e the original le\'el fixed. 

After plucking ceased, 12 bushes in each line were mea- 
sured both in the centre of the bush and on the outside. 

Six of the bushes were at the .soutli end, whvre .‘^oil and 
bushes are particularly gtxxl, tlie other six bushes wvre at the 
north end, which falls on a stri]) of \eiw jxxir soil. 

The following were the results found : — 
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111 the case of the 4 inches — 6 inches — S inches plnckin<4, 
the time given between plucking at 6 iuclies, and plucking at 

5 inches was insufficient to allow all shoots to be plucked at 

6 inches before the plucking level was raised. Many outside 
shoots, of course, in all systems of flat pine king may be plucked 
very little, if at all, during the season, and are thus relati^■ely 
spared. The system of attacking the stronger shoots first when 
they have reached only 4 inches, and again when they have reach- 
ed onlv 6 inches, while shoots which have not reached the level 
are untouched, makes the differential character of flat plucking 
particularly marked, and consequently \ ery le\'el growth over the 
whole surface of the bush is obtained. 

It will be obser\ed that plucking at 4 inches — 6 indies — 
8 inches on the go<xl bushes left less growth at the end of the 
season than any system cxccqit plucking at 4 inches to the 
janani. It will be obser\‘C^ also that on the good bushes there 
is less difference between outside and inside than in the C'esc 
of any other system of ])lucking ; and that there is less differ- 
ence between the go(xl and the bad bushes than in the case of 
other plucking systems. Wdien 8 inches was left originallv, the 
g(XKl bushes grew distinctly moic than after 4 inches — 6 inches 
— 8 inches plucking, when 6 inches— S inches ])1 licking was used 
the grow'th obtained w’as still greater. These difl'crenccs may 
be ])res limed to mean g re Liter distances between success i\e 
jaiiams left, or more mistakes in ])1 licking by which occasional 
big serrated lea\es were left instead of janains only. In eitlier 
case the greater gnjwth would indicate greater \-igour in the 
shoots, and certainly the general appearance of tlie bushes con- 
veyed that impression. 

Dcfniition (tj Jtiunm " and oj iiig /a’n/ " as used lu 
these lixperiwcuts. 

In carrying out experiments on ]>lucking it is, of course, 
a matter of great pmctical difficulty to get work done accurate- 
Iv by pluckers. In the.se experiinent.s the ^•ery closest su])er- 
vision was exercised and it is believed that tlie number of shoots 
plucked incorrectly was small. 
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A greater difficult}' arises o\'er definitions. The final 
length of growth made on those lines which were plucked tu 
the janani, was often coininented on b}* planters. Men from 
districts where it is customary to lea\e long growth were in- 
clined to be shocked at the chiseness of plucking; while a few 
iiien from gardens wliich practise close plucking tlioiight that tlie 
bushes had bc'cn rather allowed to run away, and pointed to a 
certain number of rather large “ janains,” which might almost 
be called “ Iea\’es. ” 

‘‘ Janam ” is an Assamese word meaning “ birth," and the 
“ janam leaf " means tlie first leaf mi a new shout arising trom 
the axil of a leaf. 

The first leaf on a. new shoot is usually so small that it 
is only a bract at tlie ba.se of the new stem : it is tol lowed by 
one (or sometimes more) small mm-surrated Icaucs, which ar^r 
more oval than the succeeding large, i^mnted, serrated leaves. 

In tliese ex}xn'iments when a big leaf was ordered to be 
left, pluckcrs were instructed to lca\e the first serrated leal. 
When only a jaiiaiii was to be left they were instructed tO leaxC 
tlie non-serrated leaf nearest to the point of origin of tlie shoot 
they were plucking. As the lirst l)ract-Iike janam often falls 
off b}' the time the sluxg is ready for plucking, or is .so shrivel- 
led, or .so small as to escajic notice, it \ery often liappcned ihat 
the “ janam " left was the second ratlier large janam, called m 
Assam the “ gol pat " (round leaf). In the.se cxpcriiiienls, 
therefore, more growth was allowed tliau on gardens where the 
first “eye” only is left, wliethcr the janam leaf below it has 
fallen off or not. 


These experiments as yet provide no definite c\ideiice on 
wliich opinions regarding tlie desirabilil}' of different ]fincking 
systems can be based. They sliow only the ellccts of diffcuut 
plucking ill the first year, on this particular tea. 



1:26 PLI’CKING IvXPKRtMKl^^tl^ AT BOR^HKTTA. 

F'roin first principles it woaild be expected that the mote 
a bush is detiuded of leaf, the tnore are flushes fotced 
from it. The danger lies in the possibility of forcing 
beyond the capacity of the bush, but the effect of such forcing 
would probably not show up in the first year. 

These ex[)eriinenfs liave yielded the unexpected result 
that it made remarkably small difference to crop whether pluck- 
ing was started at 4 inches, 6 inches, or 8 inches, but above that 
height the bushes went brt)»j 7 ii and took some time to come 
through, meanwhile losing crop. It is belie\“ed that poorer 
bushes would liave gone hajijJii at lower le\*els and lost crop if 
plucked at 8 inches instead of 6 inches. 

To leave a big leaf after tipping caused a distinct loss of 
crop approximating to 10 per cent. Observation after one year 
onlv cannot be of great value, but the guess is hazarded that 
a poor bush is more spared by jducking at such a height that 
it first . goes hanjhi, than by forcing growth by early tipping, 
e\en if a big leaf is left afterwards. It is suggested that when 
a .section requires sparing, it would be better to spare it by 
leaving long initial growth, than by leaving afterwards; because 
♦ the poor bushes would l>e more strengthened, while Ihe good 
bushes would still yield a full crop. If a section is spared by 
leaving leaf after short initial growth the expectation is that 
crop would be lost from tlie good bushes, while the poorer bush- 
es would not benefit so mucli. 

In all cases leaf was lost by leaving big leave after tipping. 
The old system of leaving the same number of leaves all over 
the bush to prodiice a conical surface, lost crop by 6 per cent, 
compared to plucking flat at 6 inches, and was found most 
difficult to deal with in the field. 

The variation in the crops obtained in different parts of 
the season, indicate interesting possibilities of adjusting pluck- 
ing systems to produce maximum crop at seasons when it is 
most convenient to pluck it. 



THE CACHAR DIvSTRlCT. 

Soil Survey. 

BY 

C. R. Harlkr. 

The Cachar district consists of the three sub-divisions of North 
Oeography Cachar, vSilcliar and Hailakandi. Practically 

and Geology. ^lie whole of North Cachar is hilly country 
whilst the other two subdivisions are classed as plains. The 
Cachar tea gardens are all situated in the plains. 

To the north, the Cachar tea district is bounded by the 
North Cachar Hills which are part of the Barail Range run- 
ning from the Garo Hills to the head of the Brahmaputra 
Valley. The outlying spurs of this range are the sites of many 
tea gardens. The Bhuban Hills, a continuation of the Lushai 
system, form the eastern boundary. The Rengti Hills forming 
the southern boundary, also project from the Lushai syste^n and 
are separated from the Bhubans by tlie broad valley of the 
Rukni and Souai. These hills generally run northwards into 
the district and, with the Chhatachura range to the west, form 
the Hailakandi Valley. The Chhatchura Range forms the 
western boundary of the district and divides it from the Char- 
gola Valley of Sylhet. 

To the north of the tea aistrict of Cachar, steep hills make 
tea planting impracticable. To the south, the tea areas usually 
extend as far as the Inner Line Forest Reserve. 

Teelas or hillocks, which characterise the Surma Valley, 
are dotted over almost every portion of the plains of Cachar, 
except in the valley of the Sonai. 
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The cliief river is the Barak which rises in Manipur, and 
after coniplelelv changing its direction several times, eventual- 
ly enters the plains and then follows a tortuous course through 
the centre of the district till it reaches Sylhet at Badarpur. 

In the cold weather, the Barak flows in a deep bed with banks 
rising 40 to 50 feet on either side. In the Monsoon, however, 
the river frequently overflows hind floods the surrounding 
countr\\ 

On its north bank in Cachar the Barak receives the Jiri, 
Chiri, Madhnra and the Jetinga as main tributaries from 
the North Cachar Hills. From the Fushai Hills in the south, 
flow the Sonai, tlie Dhaleswari and the Khatakhal. 

Some account of the part these rivers play in the land- 
making process which is steadily going on, may be of interest- 
The Barak enters Cachar from the east, a considerable stream 
over-charged with silt. As soon as the rains set in, the Chatla 
and Hailakandi valleys turn into swamps {bJicds) which dis- 
charge into the Barak. As this river, however, receives its 
freshets from the north and cast it e\entually rises ;ibove the 
level of the two valleys and pours its own floods into them, and 
a thick muddy current, heavy with silt, passes into the valleys 
and swells the bhecls into wide lakes. \Mien the big river 
subsides the streams again turn from the bheel to the Barak, 
having left behind a deposit of silt. With innumerable re- 
petitions of this process, the bottom of the district is raised, and 
lakes turn into fens, fens shallow into reedy swamps, swamps 
into grassy praries. Every stage in the process may be wit- 
nessed in Chatla Bheel. 

What has been going on in the large scale described has ^ 
also gone on in many small flats now planted out with tea. 
Water has quietly backed up l^etween the hillocks and dejx)sited 
silt and clay but, in addition, the wash from the surrounding 
teelas has left further deposits. 

The hills surrounding the Cachar district are sandstones of 
the Tertiary period. The spurs which run into the valley are 
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Tipani sandstones of tlie Pliocene and, e^eoloi^ically speak- 
ing, very young rocks. The alhuiuni of the ])lains is derived 
almost wliolly from the Tipam sandstones. 

The core of the Khasia and Jaintia Hills, which adjoin the 
North Cachar Hills, is gneissic rocks of tlie Archean geological 
era, and the same age as the ancient rock forming peninsular 
India. During the succe,ssi^■e uplieavals and subsidences of this 
part of India and the frequei^t dejxrsit of sediment during flood- 
ing, tlie original gneiss of tlie Sliillong Plateau lias become over- 
lain with sandstones and conglomerates of tlie cretaceous age, 
wliich contain occasional coal seams. Thc.se, in turn, are over- 
lain bv beds of the TcrtiaiA* period, consisting of lime.stone and 
sandstone with iiiterstratifled sliales and coal dc]>osits. 

The more recent deposits of tlie Tertiary jxriod form the 
mass of the Rarail Range in whicli is included the North Cachar 
Hills, althougli this section oi the Range has not the ancient 
core of tlie Kliasia and Jaintia Hills. These latter Hills have 
not been subject to sucli violent disiurl^ances as the rest of the 
Range, and the sedinieiitai'X' deposits are horizoiual, and arc 
clearly displaved at Clierrajninji. At (jujong, in the Mahur 
\^alley a few miles to the west of the liill section of the Assam 
Bengal Railway, these recent dei>o.'^its are still horizontal, or 
nearly so. In the vallev oi the Mahur tlic change from the 
general] V iindistiirbed condition of tlic newer rocks on the Shil- 
long plateau begins, wliilst at Guihmg, on the cast side of the 
Mahur Vallev, the strata are <diiiost xcrtical. hor a great pait 
<if the hill section the rail wax' runs along the iault constituting 
tlie geological Ixnindarx’ between the Khasia and Jaintia Hills 
and the rest of the Barail Ra.nge. "1 his tact accounts for much 
of tlie trouble arising from the subsidence of tunnels and cut- 
tings on this section of the railway. 

Cachar, like the re.-^l of A..^..^ani, a sic.siiiic area. The 
most notable earthquake on record in Lacliar occuned in 1869 
which was attributed to 1 fissure about 20 miles long, situated 
at a considerable depth below the surtaee of the noithern bordei 
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of the Jaintia Hills. Cachar escaj^ed with little damage from 
the earthquake in 1897. 

Cachar is in the oil belt running from Assam to the 
Arakan, through Cachar and Chittagong. The j^etroliferous 
beds occur in a series of Tertiary rocks known as the “ coal 
measures which are supposed- to form domes or anticlines 
cropping out beneath the newer sandstones and sometimes fault- 
ed against the older Disang shale series on the east. 

Tea was discovered wild in Cachar in 1855. of Ihe 

Barak, Lushai or Cachar indigenous tea, 
ihe iea Areas. ^vliich is a variety distinct from that of 

Assam proper, is found. 

The first tea in Cachar was planted in 1856 in Mau/a Bar- 
sangan on the low spurs running from the Barail Range to 
the Barak. The iecUis south of the Barak were then planted, 
and in 1875 the first bhecls were drained and 0|)ened out. In 
1869, there were 24,151 acres under tea in Cachar yielding 
somewhat over 170 lbs. per acre. By 188.2 the area had risen 
to 48,873 acres witli an outturn of about 260 lbs. ]xr acre. By 
1898 the area planted was 62,179 acres yielding about 340 lbs. 
lier acre. 

The Cachar tea district is divided into six sub-districts 
of the Indian Tea A.ssociation, consisting of North-West 
Cachar, North Cachar, Happy Valley, Lakhipur, Chatla Bheel 
and Hailakandi. The area under tea is, at present, 55,685 
acres yielding about 510 lbs. per acre. 

The price of Cachar tea is about 4J. ]>er pound less than 
that of the Assam Valley. This defect is due partly to the 
climate but principally to Cachar methods both in the field and 
factory. The plucking is generally coarse and long, and the 
subsequent care j^nd treatment of the leaf during manufacture 
is usually far from ideal. It must be mentioned, however, 
that it is economically sound to make cheap, poor tea in Cachar, 
not only on account of lower costs but also because there is a 
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very definite demand for sncli a commodity. W’itli the ado])- 
tion of fine plucking and careful manufacture, Cachar gardens, 
other than hheel gardens, could be made to produce teas almost 
equal in quality to the Assam average. 

The climate of Cachar is more difficult for tea than that of 
Assam on account of higlicr tempcraturc.s and 

Lliinatc. ^ ' ‘ 

lower lunnidities during the dry season, espe- 
cially to the south of the district. Tn the early part of the 
year, scorching winds occur wliich sometimes wither the bush- 
es. Tn the rains, the topography of the country makes for heat 
and humidity, and, at this time, the tea grows and fluslies with 
a vigour not seen in the Assam \hdley. 

The average inaxinium tenijX'raturc at Silcliar, wliich may 
be taken as indicative of that of the tea district, is 78 F. in Jaiui- 
arv and in Juh'. Tlic January \ alnc is 8 F. above that o\ 

Sibsagar, but the Jnlv values arc the same in both places. The 
minima in January and July are 5^^. and 77‘^F. respective] v. 
Here again the Julv figure is the same as that in Sibsagar. but 
the January \alue is 3°F. higher. 

The rains break earlier 111 Cachar than in Assam and are 
considerably hca\'icr. The l>enefit: from this extra j'lrecij^itatiou 
is reduced bv higher temjxratnres and lower humidities in the 
dry season in the Snrma Valley than in tlie Assam Valley. 

The average month] v rainfall at Silchar and Tix:klai is 
shown below, in inches. 
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The Moiistxm current blow.s into the vSuniia ^ alley from the 
south-west and then crosses the Hills to Assam where it aug- 
ments the main current in the latter valley, \\liicii comes along 
the Brahmaputra. From East Bengal and houtli Sylhet, 
through Cachar to the North Cachar Hills there is a general 
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increase in rainfall followed by a decrease along the line of pro- 
gress into Assam. As soon as the Brahmaputra Valley is 
readied and the rain shadow of the Mikir Hills left, the pre- 
cipitation again increases on account of the rain brought bv the 
main Monsoon current. The following total annual rainfall 
averages illustrate these points : — 


Chandpiir ... Annual average rainfall 
Habiganj ... 

Hailakandi ,, ,, ,, 

Badarpur 

Bikrampore ,, ,, ,, 

Nimotha 

Mahnr 

Lumding ,, ,, ,, 

Golaghat 

Sibsagar 

Dibrugarh 


89 inches. 

99 

114 

138 

164 

203 

76 „ 

50 

78 „ 

96 
112 


Mahur is on the other side of the rain divide from Nimotha, 
and in the leewav of the hills. 


Cacliar 
Soil Types. 


For practical purposes the Cachar tea areas are denoted as 
tcela, plateau, bJieel or flat and according to 
this division planting and general treatment 
varies. From the [Xiiut of \-iew of mechanical 
analysis the soils fall into two broad groups, the first of weather- 
ed soils of the teehis, and the second of soils washed from the 
teelas. 


The teelas are generally sandy and luu-e usually weathered 
considerably and, on this account, the clay fraction tends to be- 
come greater than the fine silt. The common tecla type in 
Cachar is one in which fine sand is the greatest fraction, follow- 
ed by coarse sand. 


Nodular pans are common on teelas and, in some cases, a 
pan of such solidity occurs that planting is impossible. These 
pans are of chemical origin and consist largely of iron stone. 
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Yhe nomenclature of soils adopted by this Department con- 
sists in a string of bee numbers denoting the various fractions, 
placed in the order of magnitude of the fractions. Coarse sand 
is denoted by no. i, fine sand by no, 3, silt by no. 3, fine .silt 
by no. 4 and clay by no. 5. Tlie soil analysis belo\v, represent- 
ing the commonest tccla type, illustrates the use of this 
nomenclature. 


Fraction. 


Fraction number. 

Coarse sand 

% 

I 

Fine sand 

45 % 

2 

Silt 

15 

3 

Fine silt 

- ry 

0 /o 

4 

Clay 

% 

5 

Soil type . 

.. 3, T, 

3- 3* 4- 


An appro.ximate idea of the soil texture is obtained from the 
soil type alone, although the limitations of such a nomenclature 
are apparent. Thus the type 3, i, 3, 5, 4, might represent a 
sand, as abaxe, or a stiff soil in which all the fractions are present 
in almost equal quantity. 

In soils which have weathered far, the clay fraction is gene- 
rally greater than the fine silt and the order — 3, 4 of these two 
fractions, in a sandy soil, usually denotes a soil formed n? situ. 
In a stiff soil where the 5 and 4 fractions are major ones, the 
same order may also denote a weathered soil, but not iiecessari- 
I3’, for b}' sedimentation it is |X)ssible to dejwsit fractions in the 
order 5, 4, 3, 3, i. It is however impossible for running 
water to deposit a mixture of particles represented by 1,5,4, 3, 
or 1, 2, 5, 4, 3, or I, 2, 3, 5, 4, in which the coarser fractions 
are major ones to the — 5, 4 combination. The subject of 
sedementation and soil formation is more fully discussed in 
Quarterly journal, 1934, pt. 3, p. 134. 

The extremely light sandy tccla , common in Sylliet, is rare 
in Cachar. So far as the available analyses go it only occurs 
at Heroncherra (Ballaclierra) and Majagram, north of the 
Barak altliough it is more common to the south of the river. 
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Many of the lightest teela areas north of the river have been 
abandoned. A typical light sandy teela analysis is shown below. 

Fraction. 

Coarse sand 
Fine sand 
Silt 

Fine silt 
Clay 

Soil type ... I, 2, 5, 3, 4. 

Tlie second general division of Cacliar soils includes the 
platean soils, occuring mainly in the Happy Valley and Lakhi- 
pnr north of tlic Surma. Tliis type, however, is sometimes 
met .south of the Surma w lie re the areas are generally described 
as fcclas. The plateau soils are much heavier than /cc/u soils 
and appear to have been washed from the latter and subsequent- 
ly raised or leit as a plateau by subsidence of the surrounding 
areas. 

When soil is washed from a hill, every conceivable mixture 
may accumulate at the lx)ttom, according to the slope of the hill, 
the amount of the wash and the slope of the flat at the bottom of 
the hill. W hat has usually happened with the wash from the 
Cachar teelas is that most of the coarse sand has accumulated at 
the bottom of the te^^la and the other fractions have been carried 
on to form the soil of the flat. The result is that, on most flats, 
coarse sand is relegated from the i^ositioii of a major fraction 
to a place usually at the end of the soil type chain. The finer 
fractious, silt, fine silt and clay, are proportionately increased 
and the fine sand has often only retained its original proportion, 
and not increased as the silts and clay, owing to the fact that 
some of this fraction remains behind with the coarse sand. 

Two types of plateau soil are given, one from Burtoll, 
which fits in with what might be expected, and one from Koom- 
ber which is rarer and a type difficult to explain from consideta* 


Fraction number. 


40% I 

32 % 2 

7 % 3 

5 % 4 

II ^ 5 
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tions of sedimentation and weathering, on account of the shortage 
of fine silt. 


rrjiclion. 

Friu'tioij Mil. 

Hintoll. 

Pkteau $oils. 

Kooinber. 

Cuai se saij<i 

1 1 

11 

7 

Fine SLitid 

I 

17 

15 

Silt 

I 

24 

27 

Fine silt 

1 ^ 

14 

4 

Cl:iy 

i •"> 


as 


1 Suil h ne 

1 


5,;V2,1,4 


The Burtoll sample might well come from a flat. Here both 
coarse and line sand cease to be m;ijor fractions, and from the 
light, sandy original soil, a heavy type of loam is formed. The 
Kooml^er sample is quoted because of the curiously low line silt 
fraction. Similar types, thongli with a larger silt fraction, oc- 
cur elsewhere in Cacliar. 

The remarks on plateau soils generally apply equally to flat 
soils. In some cases, however, ustially in narrow kiiuchis, the 
teela soil appears to have slipped l U blo^' into the valley and, 
owing to the very gentle .slope of the latter, little subsequent sort- 
ing of the particles has occurred. In such cases, the flat soil gives 
an analysis practically the same as the original iccla. 

In some instances the water from flats has been unable to 
get away and a lx)g or 6 /k‘c/ is formed, which, on draining, 
grows vigorous tea. The mechanical analyses of b heels resem- 
bles those of flats, but the organic matter content is very much 
higher. 

In picturing the formation of flats, the issue is sometimes 
complicated by the fact that muddy rivers may have backed up 
the valley and deposited silts which become incorporated 
with the washed teela soil, lii such cases, irregularities occur 
which cannot be explained by considerations of straight forward 
sedimentation or weathering. 
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The wide variation of flat soils makes it difticnlt to give 
typical examples. Usually flats contain at least three consecu- 
tive fractions in about equal quantities and are of the general 
types 1,2,3, 3> 4 3i 4* 5- The following are frequently 

met. 


Frar-tion. 

Fniclioii no. 

Clay Hut. 

Medium Hat. 

Coar?^? sand 

Fine sand 

1 

j 

1 


Silt 

3 

17 


Fine .silt 

4 


24 

Clay 

i) 

32 

i . . . 

8 


Soil type 

a, 4, 3, 2,1 

2, 3, 4, 5,1 


The commoner soil types met in Cachar are graphically repre- 
sented opposite. 

It is now necessary to consider the full analyses of .some 
typical soils. The table below gives the mechanical and chemi- 
cal analyses of a /ccfrz soil from Rallacherra, a plate-au soil from 
Burt oil, a light sandy flat from Chandypore, a stiff flat from 
Lallamukh and a bhecl from Derby. 

Typicae Cachar Tea Soils. 



7'pf^ht. 

Ball.a. 

^hena. 

l‘iafeau. 

Ibirtfill. 

Sand} Hat,- 
Chundy- 
pore. 

t‘lav riaf. j 
Lai la- 1 
mnkh. 1 
1 

Derby. 

i 



A. 


U. 

/o 

Mechanical Analysis— 


I 




C'utise siiiiil . ... . i 

2.V3 

12“j 

.')-0 

lG-4 

23-.5 

Fine s'liid ! 

W, 

30-8 

434 

14-0 

7'5 

Silt .. . ..... ! 

1.V2 

20-6 

23-3 

IT 8 

8-2 

Fine Si It 


.s-s 

11-7 

22-1 

n-i 

Ciav 

10 1 

l.'.^ 

11-2 

19-4 

12-8 

Lo8.s nn ignition ... 

;p,n 

r> iCi 

4 GO 

8-32 

3.5-12 

Soil Type 

2, 1,3,7), 4 

W,l)4 

2,3A,.‘>,1 

4..j,3,l,2 

1,5, 4, 3.2 

Chemical Analysis- 






organic matter (Grandeau) 

1-37 

10.3 

1-32 

3-34 

29 8G 

Insoluble hilicious matter 

88-42 

84-40 

8fi-9G 

74-45 

54 -80 

Acidity (Hopkins) 

1371 

893 

1438 

4201 

4785 

Nitri»gen 

o-iia 

0-125 

0‘1I9 

0-205 

0-581 

Available phosphoric acid 

0-011 

0-027 

0 12 

0029 

0-OG2 

„ potash 

0-008 

0-005 

(FtXtH 

0-008 

0*028 

„ lime 

0-038 

0019 

o-05r> 

0020 

0018 
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Tlie loss on ignition is some measure of the total organic 
matter in the soil, whilst the organic matter estimated by the 
Grandeaii metliod mav be taken as an indication of the degree of 
rotting of the organic matter. Tlie insoluble silicions matter is 
largely quartz and indicates inactive mineral matter not 
entering the soil solution. This \‘alue is usual l^' high- 
est in the sandiest soils. Tlie available ]X)tash, phosplioric 
acid and lime mu.st be considered in relation to the amount of 
insoluble, non-silicious matter for, the smaller this quantity, the 
lighter the soil usuallv, and consequently the greater the root 
range of the bush. The result is that .soluble quantities of 
])lant food indicating a ])oor soil in the case of a clay, may in- 
dicate a \crv good soil in the case of a sand. 

The acid it V \alues are those estimated by the Hopkins 
method, the full inteiq^retation of which is difiicult and it is iin- 
])Ossible to denote aiiv figure as a safe acidity \alue. Other 
acidity constants, the pH value of tlie .soil solution and the pH 
value of tile nitrate of ]X)tash extract, are of more u.se and generallv 
distinguish between good and bad tea soils. The determination 
of these constants is, at present, not included in a soil analysis 
made by the Calcutta aiialvsts. Many of Mi esc estimations are, 
however, made at Tocklai and, in the case of a soil showing a very 
low or verv higli Hopkins acidity, ^^■e prefer to make pH deter- 
minations before suggesting manurial treatment. 

The term hhrcl is taken, Itx'ally, to denote a flat rich in 
organic nuatter but, in its general sense, a hhccJ area is a drain- 
ed fen or bog. The peat hhccis after some vears often deterior- 
ate either by sinking below the drainage level or by being o\ei- 
drained. In tlie latter case, alternate seasonal wetting and di v- 
ing eventual Iv robs the colloidal matter in the soil of its sti».ki- 
ness, and the bJiccl becomes “ fluffy ’ and difficult to wet. 

When a rich flat deteriorates for reasons not connected witli 
drainage, a loss of organic matter and nitrogen is geiierallx 
observed. Liberal manuring is the only remedy. 
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When a coarse sandy bhceJ deteriorates it does not "o 
“ fliiffv ” but usually dries out and the tea suffers durinj? the 
drv season. These deteriorated soils are often characterised by a 
high phosphoric acid and low ]X)tash content and high acidity. 
Such areas are usuallv liable to severe mosquito attack, probably 
on account of the drought effect but ]X)ssibly also by reason of 
the deficiencv in potash. The 'judicious application of jxitash 
manures in such cases may increase the resistance of the bush 
to mosquito attack. 

When ieeJas are top dressed with hhceJ soil the first results 
are beneficial. After a time, however, the organic matter and 
nitrogen in the soil are partially dissipated and the tea begins 
to deteriorate. Tccla .soils, on top dressing, show a very great 
increase in soil acidity, the \’alue rising from alxjut i,{XK) to 
4,000 or 5,000. As the area deteriorates the acidity docs not 
appear to change and on such areas the ap])lication of lime in 
small doses should do good. 


The Manurial Treat- 
ment Cachar soils 


In considering the inanurial treatment of Cachar soils or, 
in fact, of practically any tea .soil in North- 
East India, it may be assumed that the ad- 
dition of nitrogenous manures will increase the 
crop. The only definite experiment made on a peat bhccl show- 
ed that this also responded to additions of nitrogen, although 
it is usually stated that hhccls, rich in peat, do not require 
manuring. 


The nitrogenous manures now on the Calcutta market in- 
clude .sulphate of ammonia, nitrate of soda, nitrate of potash, 
calcium cyanamide, animal meal, cake and bl(x)d meal. The 
last three manures are of an organic nature and expensive. 
Of the others, sulphate of ammonia and calcium cyanamide arc 
cheap and have been proved to give good returns. In most 
cases the use of one or the other of these manures is suggested. 

With the high temperatures and humidities ruling in 
North-East India the dissipation of organic matter from the soil 
is rapid, especially where the bushes are not big enough to 
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protect it from the direct rays of tlie sim. In such areas, tlie 
addition of oroanic matter in bulk, either as cattle manure or 
^icen Cl op, is essential. On areas wliere the tea is touching, the 
leaves shed from the bush sup])ly much organic matter, but the 
addition of turtlier supj)Iies in llic form of Boy^a medeloa is advis- 
able in many cases. \\ ell sliaded areas of fully j^rown tea can 
be left ^vithout .i^reen crops if labour is short. AVhen an area 
IS cut back the opportunity of ^rowiiyu as many green crops as 
possible should be taken. 

Any Ilia nil rial cycle, tlien, iiiusl include frequent doses of 
nitrogen with green crops nr cattle manure as often as possible. 

In considering the i^otash and phosphoric acid requirements 
of oiir tea soils, exjicrieiice has shown that the heavier soils 
need more jihospl unde acid than the ligliter ones and the lighter 
soils need more potash tluui the hea\y ones. 

Another factor for consideration in apphniig manures is the 
soil reaction. Tea does best on soils showing an acidity of alxiut 
pH “ 5.4. The continued ajqilicatioii of acid manures like 
sul])hate of a 111111011 i a to soils already strongly acid is not good. 
On the other hand the continued a ji plication of alkaline manures 
like caleiuin cyaiiamide to soils of a sliglitly acid nature is to 
be a\‘oided. The careful use of a.c:d and alkaline 111 ami res 
should keep the soil reaction at a suitable ligure. 

Another ixunt to consider is the iiiaiiurial treatment of green 
crops. These thrive 011 phosphatic manures and on lime. 
Hence, at the time of sowing, a dose ol jdiosjihoric acid should 
be given. Tea itself does not usually require lime, but, cal- 
cium cyan amide when it dccoiiqxiscs yields somewhat more than 
its own weight of liiiicst^iue. It follows then, that, in a iiiaiiure 
cycle, this fertilizer may, with advantage, be added the year 
liefore green cropjuiig. If it be added tlie year of green crop- 
ping, tlie application should be made well ahead of tlie sowing 
of the green cro]), because tliis manure is liable to kill seedlings 
when it is first applied. 
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Bearing these principles in mind, a inaniirial prograninie 
may be constructed. Four cases are considered below, two for 
clays and two for sands. A soil containing above 10 per cent, 
clay may generally be treated as a clay although the ]xrcentages 
of the other fractions should also be taken into account. For 
both types of soil two programmes are given, one for areas where 
ground green crops like cowpeasor dhaincha can be grown and 
one where the tea is too big to allow of such growth. 

The rates refer to applications per acre. The manures 
should be broadcast except in cases where the root area is so 
limited that much of the manure may be lost to the bush bv this 
method of application. In these cases the manure should be fork- 
ed round the bush. 

The ap])Iications, excej)t in the case of calcium cyaiianiidc, 
are usually made in A])ril. Cattle manure may be applied when- 
ever labour is a\-ailable. 


CLAY SOILS 


With round green rrops. 

A. Calcium c van amide, 2 cwt. 
per acre, Feb. or March. 

B. Alphos, 2 cwt. per acre, 
broadcast U]> lines before 
sowing ground green cro])S 

or 

cattle manure, 5 tons per 
acre. 

C. Sul])Iuite of ammonia, 2 cwts. 
Muriate of potash, Vz cwt. 
Superphosphate, 1^2 cwts. 

in March or April. 

D. Boga medcloa in every 

third row. Lop fre- 


Without i^roiDid greei? rnfps. 

Same as oj)jx)site. 

Cattle manure, 5 tons per 
acre or Oilcake, <S mds, per 
acre 

or 

vSulphatc of ammonia, 2 cwts. 
Muriate of jiotash, cwt. 

Superphosphate, cwts. 

per acre in March or April 

Same as opposite. 
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quently and thin out 
to clumps at end of 
season, 
or 

Rahar in alternate 
rows, lop frequently. 
Bury at end of 
season. 

Calcium cyan amide 2 cwts. 
par acre in P\d)ruarv. 

K. Sulphate of aiiiiuonia, 2 cwts. 
Muriate of potash, cwt. 
Su])erp]K)Sphate, i C’ cwts, 
ill March or April. 

SANDY 

With ground green erops. 

A. Sulphate of aininonia, 2 cwts. 
Sulphate of |x>tash, pi cwt. 

in Marcli or April. 

B, Alphos, jyi cwt. per acre 

broadcast up lines be- 
fore sowing ground 
green crops 
or 

Cattle manure, 5 
tons per acre. 


C. Sulpliateof ammonia, 2 cwts. 
Sulphate of ixitash, li cwt, 
in March or April, 


Same as op])osite. 


Same as (jpj)ositc. 


SCIUS 

li ithout ground groou nojr-:. 
Same as op]u>site. 


Cattle manure, 5 tons per 

acre 

or 

Oilcake, 2 nuis. ])er 

acre. 

or 

Sulphate of ammonia, 2 cwts. 
Sulphate of potash, y cwt. 
Superpliosphate, i r, cwts. 
in Marcli or April. 

Same as opposite. 
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1). niedeloa in e\ery 

third row. 

Lop frequently and tliin 
out to clumps at end 
of season 
or 

Rahar in alternate 
rows. Bury at end 
of season. 

Sulphate of ammonia, 2 cwts. 

Sulphate of |X)tash, L 

Superphosj)hate, 1^2 cwts. 
in March or April. 

E. Calcium cyan amide, 2 
cwts. in February. 

Bur\’ Boga medeloa at end 
of season. 

The cost of these programme works out at about Rs. 19 
per acre, per annum, for the Calcutta purchases, excluding cost of 
seed for gi^cen crops or freight and a]) plication of mixtures. 
This is the minimum expenditure advised. The careful carry- 
ing out of such a programme will give an increase at the end 
of five years of at least 25 i)er cent. abo\e what the area would 
have been giving if it had been left un manured. This d(x:s not 
indicate that the crop will necessarily increase abo\e its present 
value to that extent. The general tendency with fully developed 
tea is for the crop to fall olT gradually and, if the rate of decrease 
is a cumulative 5 per cent, per annum, a manuring cycle may 
only keep pace with this and the crop will remain stationary. 

For the detailed use of a manuring cycle reference should 
be made to the Quarterly fournal^ Part 11 , 1924, and for sug- 
gestions on the treatment of b heels the reader is referred to the 
Quarterly Journal; Vdri IV, 1922, p. 152. 

It is not suggested that the manure cycles outlined above 
should be taken as they stand and applied to any garden, for 


Same as ojiposite. 


Same as o])posite. 
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there are minor conditions on most areas requiring some modi- 
fication of the broad principles. These modifications can be 
learned by application to Tocklai. 

Below is given, as an appendix, the mechanical analyses of 
soils from the various Cacliar gardens. In many cases all the 
available analyses are given, but in others, where samples from 
similar areas ha\'e been taken, only typical analyses are quoted. 
The figures are percentages, given in the case of the soil fraction 
to the nearest unit. Partly on this account and also Ix^cause the 
matter soluble in dilute acid is omitted, the percentages often 
add up to something less than loo. 

AXALYSKS OP CACHAR SOILS. 

North-West (Vhi North Cachar. 

J dial pur, the most westerly of the Cachar gardens, shows 
three type of sandy loams. 


Sdil ii.aik. 

f.'oarse 

Fine 

Fine 

1 i.OMJ 




silt. 

(. hiV. ; 

• 1 I'll ILTO- 

Ni:l type. 

.lMll.lt, J.,1 1 

21 

22 ■' 

1 :. 

21 : 5 '23 

2. 5 , 1, 4 , a 

Nn. 2 

2i> 

21 15 

n; 

22 1 45 

5, 2 , 1 , 4 , 3 

' ‘ 1 

2 ; 

10 

12 

12 ■ a -42 

2. 1,4,5, a 

At Kallinecherra 

tile sample 

s arc 

variations of hea\y and 

liglit silts and of iiiten 

:st Ixvause the s 

lit fraction (no. 3) seldom 

occurs as a major fraction in tlie 

tea s 

oils in Xortli'East India. 

Soil niuik 

Coai'si* 

‘"‘"I' ^ Silt, 
sami. 

I 

Cine 

hU. 

Cl,.v. 

" [ on igii. 

Soil iy|x^ 

KulliiiGihoiru 


; 




No 4 Dilip 


17 1 42 

12 

2 : .S.)5 

3, 2, 1. 4, 5 

„ .Vo. 2 Kch. 

4 

25 2a 

2ti 

18 : 5 32 

4, 2, 3, 5. 1 

„ No. a Ki ll. 

;!> 

22 i ai 


4 5 55 

a, 2, 4, I, 5 


Silts, especial h’ clay silts like no. 2 above, are difficult to work 
and are only kept friable by the addition of bulky organic matter. 


At Craigpark occur soils formed by weathering and also 
deposited by water in some geologically recent time. The 
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weathered soils are represented by the first two, in which the 
clay and fine silt fractions occur in the order — 5, 4, and — 5, 
I, 4. The second sample is a much richer soil than the first. 


Soil loaik. 

Coiirsfe 

daml. 

Fine 

snnd. 

i . - 

Silt. ; 

[ Kioe 
silt. 

Clay 

1 Loss 
mi ign. 

8t)il type. 

Craigpark No. 8 

G 

' 34 

3ti 

7 

13 

4-30 

3, 2. 5. 4, i 

,, No. 3 liiillk lierra 

1 It! 

2G 

25 

5 

ly 

7 yo 

3, 5. 1, 4 

„ A. 

: 11 

52 

21 

10 

t; 

3-38 

■2, 3, 1, 4, 5 

M H 

; 21 

4-> 

U 

17 

4 

2-4H 

2, 1, 4. 3, 5 

„ c. 

i i 

1 44 

30 

y 

4 

31*3 

2, 3, 1, 4. 5 


At Kalline, all the samples except the last are of the stiff, 
silt-clay type. The last sample is of the — 2, 4 type with fine 
sand and silt as major fractions. Soils of this type are nsuallv 
hard and “ steely"' in the cold weather, 


Soil mark. 

Coarse 

sand. 

Fine 

sand 

Silt. 

Fiiie 

silt. 

j 

Clay. 

: I.nss 

! on ign. 

i 

j Suil lypo. 

Kalline, Anusli No. 4 

'} 

i 23 

3i> 

21 

18 

4-70 

I 3, 2, 4, 5, 1 

„ No. 9 

\ 

i 3 

20 

39 

28 

0 07 

4, 5, 3, 2, 1 

„ No. 10 

9 

18 

m 

21 

20 1 

7-83 

5, 4,2, 3. 1 

„ No. 13 

3 

14 

33 

22 

; 

5 49 

^ 3, 4, 5. 2, 1 


n 

28 

18 : 

20 

15 

4 14 : 

1 

2, 4, 3. 5, 1 


At Kurkoorie several very distinct types occur, from light 
sands to stiff clays, with intermediate loams. 


Soil mark. 

Coarse 

Sami. 

Fine 

sand. 

1 

Silt. 

Fine 

1 Bilt. 

1 

1 

Clay 

Loss 
nn ign. 

Soil ty|>o. 

Kurkoorie 

8 

61 ^ 

1C 

8 

4 

2-22 

2, 3, 4, 1, 5 


14 

4.3 

18 

12 

10 

1 4.23 

2, 3, 1, 4, 5 


19 

30 : 

i 

11 

17 

0-33 

2, 1. 3. 5, 4 

1 } 

1 

9 1 

26 

38 

19 

5-81 

4, 3, 6, 2, 1 

U 

5 

j 42 

1 25 

15 

10 

4-02 

2, 3, 4. 5, 1 


The second and third samples are physically the best, con- 
taining, as they do, good proportions of fine and coarse parti- 
cles, the former for food supply and the latter to keep the soil 
open and tractable. 
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At Bikranipore occur both tlie sandy tyfx: usually met on 
ieelas and the heavy flat type. The description of the soils, 
however, given on the analysis forms, does not indicate the 
nature of the area. 

It may be mentioned here that, at Tocklai, a full de- 
scription of an area is appreciated when we are devising manure 
programmes, and soil .samples marked alphabetically or numeri- 
cally are not so helpful as a descriptive marking indicating the 
section number and the nature of the area, whether teela, flat 
or bhecL In most cases, insnflicient marking of soil samples 
makes it necessary for us to guess at the probable nature of 
the area. 


S)il mark. 

Coarso 

►ajul. 

Finr i 
santl 

Sih. 

■ Fitit' 
silt- 

Clay, i 

i Loss 
on 


Hikniii^we 

2 

10 : 

20 

27 

17 

4-90 

3, 4. 2, 5, 1 


ao 

30 : 

10 

11 

7 

2-41 

2, 1. 4, .3, 5 



38 ■ 

11 

12 

\\ 

, 8 85 

2. 1. 4, 3, 5 

- 

20 

38 

14 

h'i 

0 

! 3-34 

2, 1. 4. 3, 5 


Crossing into North Cacliar, the first garden of which analy- 
ses arc available is Ballaclierra. Beth tlie noniial sandy tccla and 
the heavier silt flat soils (Kcur. 


Soil iiiiu'k. 

Coar.st* 
sanfl. ' 

1 

Fine 

sand. 

; Silt. 

Fine 

silr. 

Clay. 

Loss 
on i<,n). 

St>il type. 


Ballaclierra H. 22 ... 

[} 

.30 

Oi 

10 

2(1 

8 3(1 

2 5, 3, 4. 

1 

,, Khasia Hat 

nil 

24 

32 

25 

13 

4 67 

3. 4, 2, 5. 

1 

Office flat... 

15 

40 

22 

8 

, 

4 02 

2. 3, I, 5, 

4 

,, Onion flat 

8 

20 

1 32 

12 

1 1 

5 05 

3. 2, 4, 5. 

1 

Ha^ta flat... 

2 

14 

41 

15 

‘1 

741 

3, 4. 2, 5. 

1 

Sennoherra No. I 

i\ 

.37 

30 

12 

20 

3-58 

2, 3, .5, 4, 

1 

noroncherra H. I 

1 25 

21 

21 

7 

17 

i;-71 ] 

1, 2. 3. 5. 

4 

raniclierra No, 1 

, 2r) 

311 

15 

: fl 

10 

3 51 ‘ 

2, L .3. 5. 

4 


All but the first, fourth and fifth soils are from flats. The 
tcrla .soils all exhibit the — 5, 4, grau|»ing as docs also the Balla- 
cherra Office Flat sample although not in a marked degree. 

Doloo is on the plateau stretcliing from this garden across 
to the extreme east of the Cacliar district. The plateau soils 
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are usually heavier than the tccla soils, and the probable form- 
ation of this area may account for this. Thus, it is likely that 
what is now plateau was washed from tlie North Cachar Hills 
to form a flat. Subsequent upheaval- of tins flat or subsidence 
or erosin of the lands to the south, formed a plateau. Frequent- 
ly, near the plateau, true t cel it land is met and then the usual 
teela soil type occurs. 

Plateau soils form the greater part of the high laud in the 
Happy Valley and in the part of Takhipur, nortli of the 
Surma. These .soils often contaiin large rocks of sandstone and 
shale, with the interstices filled with the stiffish soil common 
to the plateau. 


S«m 1 mark. 

Coarse 

Kiue 1 

Mlt. ^ 

Fim? 

silt. 

Clay. : 

Loss 

iifi i^Mi. 

Siil 

ly|H'. 

l>>U>o 

l.a 

2B 

2o 

11 

15 

B-.38 

2. 3. 

5. 1, 4 

Hsittiuhena 

.32 

.SB 

B 

9 

1 i 

5-5B 

2, 1. 

5, 4. 3 

Uampore No. 2 


So 

1.0 

IB 

lo 

4 91 

2, 1, 

4, :l 5 

No. 3 

18 

SB 

IB 

15 1 

9 

4 BO 

2. 1, 

3, 4, 5 

No. 4 

14 

31 

19 

17 1 


5 51 

2. 3, 

4. 1. .5 

No, 5 

u; 

40 

13 

15 I 

’ 10 

5 71 

2. 1. 

4. 3. 5 

„ No. B 

12 

1 

13 

19 

20 

il ni 

2. 5 

4, 3, 1 


The Doloo sample exhibits the— 5, 4, combination of a 
weathered soil but is heavier than the normal tccla, 

KKoreeal and Kallynugger are partly on the plateau and 
partly on teela and flat. 


Soil mark 

IC<*.irse! Fino 

1 sand . 1 Hand. | 

Silt. 

Fioe i 

sill, i 

Clay. : 

L( (SS 
ntl igli. 

Soil tv] 

[11!. 

Khoreeal — Kopibari ... 

5 23 i 

39 

12 ' 

15 

5* IB 

3, 2, .5, 

4 1 

,, No. 1 

G 1 23 

38 

8 ' 

15 

^’l■7B 

:l 2, 5. 

4. 1 

„ Kallyrmg^^er 

^ 17 32 

19 

H 

19 

4-80 

1 2, 3, 5, 

1* I 

,, Kona ... 

17 ! 25 

13 

H : 

.30 

7-18 ; 

3, 2, 4. 

5, 1 

„ No. 9 flat ... 

5 ; 19 

44 

14 

12 

B'70 

: 5, 2, 1, 

3. 4 

No. 9 Kidly- 

i 





! 


mi^^ger ... 

28 i 32 

1 

1 i 

4 

9 

5-07 

j 2,1.3. 

5, 4 


The Kopibari sample is a narrow flat between liigh teclas 
and probably consists of teela soil washed down and dci>ositcd 
en bloc. This sample is identical with No. i teela. The 
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Kallynugger and Kona teela samples are both described as 
plateau lands. 


The Happy Valley District. 


This sub-district consists of the Kooniber plateau and tlie 
lines of teelas which extend to tlie Barak River. At Kooniber 
itself the soils are heavy clays almost devoid of fine silt. 


Soil mark. 

Coarse 

Band. 

Fine 
sand. 1 

Silt. 

i Fine 
silt. 

1 Clay. 

I>08B 
on ign. 

SA»il type. 

Kooniber 

7 

15 1 

27 

4 

38 

8 96 

1 5. 3, 2. 1, 4 

M 

16 

26 

21 

4 

27 

' 6 31 ! 

5, 2, 3, g 4 

Teckulpar 


5 ; 

43 

17 

27 

6-39 1 

3, 5, 4, 2* 1 

Burratoll Ko. 10 

21 

34 

10 

16 

13 

4-60 ^ 

2, 1, 4. 5. 3 

SunaUllah 

12 

17 

15 

24 

23 

7-85 : 

4, 5, 2, X 1 

Kumbargrarn No. a ... | 

a 

17 

30 

7 j 

25 i 

! 

10-52 : 

i 

3, 5, 2, l’ 4 


The Teckulpar sample also resembles the plateau tyj>e be- 
ing too hca\’y for the a\ erage tecia whilst the two samples follow- 
ing are of the ty|^e met on flats. The Kooiiibergraiii samples 
resembles those of Kooniber. 

At both Pathemara and Patlieclierra the soils are of the 
washed type. 


S^iil mark. 

^ Coarse 
san<i. 

Fine 

sand. 

Silt. 

Fine 

silt. 

Clay. 

Loss 
on ign. 

Soil type. 

Pathemara No. 2 ... 

6 

16 

15 

.39 

13 

825 

4, 2, 3, 5, 1 

,, No. 15 ... 

8 

28 

20 

29 

7 

5-85 

4, 2, 3, 1, 5 

„ No. 24 ... 

„ Aiigustnuggcr 

9 

i 30 . 

1 25 

21 

7 ; 

6-75 

2, 3, 4, 1, 5 

„ No. 1 ... 

,, Sihurband 

26 i 

32 

1 12 

17 

9 ; 

3-02 

2, 1, 4, 3, 5 

No. 13 ... 

2 

7 ■ 

j 

,36 

25 

25 1 

61 4 

3, 5, 4, 2, 1 


At Goabarrie, north of the plateau, and in the hills tlie 
soil is of the typical teela iypit j, i, 5, 4, 3. 


Ml m.rk. h"* 

1 sand. 

Fine ; 
sand. 

Silt. 

Fine 

silt. 

i 

Clay. 

1 Loss 
\ on ign. 

Soil type. 

Coabarrie China No. 2 ; 18 

1 

39 

10 

13 

14 

4-73 1 

2, 1, 5, 4. 3 

)) No. 5 ... 1 23 

37 ! 

1 

6 ; 

i 

13 

16 

4-30 

2, 1, 5, 4. 3 
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From Clierrie Valley (Annacherra and MarlKxlierra) the 
samples displa}’ the teela, the flat and the plateau type, the last 
denoted by a shortage in the fine silt fraction. 


Soil mark. 

Coarse 

sand. 

Fine 

sand. 

Siit. 

Fine 
silt. 1 

Clay, j 

Loss 
on i^n. 

Soil type. 


Annaclierra 

24 

38 

17 

* 7 

^ 10 

.3 30 

2. 1. 3, 5. 

4 

„ So. 18 ... 

23 

27 

20 

0 

8 

3 ,3.3 

2, I, 3, 4, 

5 

Martycherra No. 3 ... 

! 16 

20 

22 

i 6 

28 

5-75 

* 5, 3. 2, 1, 

4 

No. 10 ... 

i t7 i 

i 

21 

25 

1 15 

14 

5-77 

3, 2, 1, 4, 

5 


The first sample from Annacherra is typical teela. 


Since the flat and plateau types are similar it is difficult to 
say, definitely, whether a section is flat or plateau without 
local information. Thus at Endograni the only soil analysis 
available is of tlie flat type. At Tlialigrani, on the op}X3site 
side of the Koomber plateau, the soils are variations of the flat 
ty|)e, with the coarse sand as the smallest fraction. The sam- 
ple, Tlialigrani no. 14, is described as teela, but its analysis 
suggests plateau land. Tlialigrani no. i also appears to be 
a wa.shed soil in spite of its fair proportion of coarse sand. 
At Nagadoom several samples, very similar, all appear to be 
flats except the last samjile which is a teela type. 


Soil mark. 

Coarse 

sand. 

Fine 

sand. 

Silt. 

Fine 

silt. 

Clay. 

Lobs 
on igii 

Soil type. 

Kiidograiii 

7 

22 

18 

17 

26 

7 .58 

5, 2, .3, 4, 1 

Tlialij^rfim B. 13 

1 

18 

16 

36 

22 

5-46 

4. 5, 2, 3. 1 

„ I). 14 

2 

34 

20 

20 

17 

4 04 

2, 3, 4, 5. 1 

„ No. 14 ... 

4 

26 

17 

j 22 

23 

600 

! 2, 5. 4, 3, 1 

„ No. 1 

10 

38 

1 12 

19 

14 

5 -.30 

i 2, 4, 5, .3, 1 

Nagadoom No. 1 ... | 

8 

20 

; 19 

21 


416 

' 2, 4, 3, 5, 1 

,, No. 1 Ting- ' 





1 



tang ... 

20 

35 

7 

i 14 

16 

6'57 

2, 1, 5, 4, 3 


On the other side of the Madhura River, soil analy.ses from 
Chandighat and Larsingah are available. The Chandighat 
analyses show teelas of varying degrees of heaviness and flats. 
From Larsingah some of the samples resemble the Koomber soils 
in their shortage of fine silt. Some of the samples described as 
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leeias are represen tati\e of plateau soils. The samples below 
are typical of the large number of analyses available. 


Soil mark. 

Course 

buncl. 

1 Fine 

1 eund. 

Silt. 

Fine 

silt. 

Chy. 

Lose 
on ign. 

S<jil type. 


Cliaodig^hat 

8 

14 

22 

IG 

30 

1 8-GO 

5, 3, 4, 2, 

i 

?T 

17 


IG 

15 

21 

G'40 

2, 5, 1, 3, 

4 

,, 

U 

13 

13 

15 

34 , 

0 G1 

5, 3, 4, 2, 

1 


; 21 

32 

14 

H I 

16 

4 05 

2. 1, 5, 3, 

4 

M 

14 

.SO : 

17 

14 : 

1 

5-7G 

5, 3, 1, 

4 

11 *4* 

2 ; 

40 j 

21 

ly ! 

1 13 

4 02 

2, 3, 4, 5, 

1 

LaraitigHli 

s . 

4 

: 31 

22 

1 32 

7-21 

6, 3, 4, 2, 

1 

,, Kookee frp/\t 

No- 3 ... 

11 

23 

2G 

0 

i 

1 25 

‘ G15 

3, 5, 2, p 

4 

,, Kookee iffta 

No. 6 ... 

2(1 

27 

17 

1 

7 ^ 

1 

18 

4 50 

2, 1. 5, 3, 

4 

C’hotusiugali No. 12 ... 

11 

13 

2.0 

15 ^ 

28 

7-37 

5, 3, 4, 2, 

1 

Line tnla 

11 

13 1 

15 

18 1 

34 

8-23 

5, 4, 3. 2, 

1 

Harasingjli flit No. 10 

17 

25 : 

15 

IG 1 

21 

5-23 

2, 5, 1, 4, 

3 

New llholati (e»hi 

; 11 

■ 

IG : 

17 

1 

31 

7-74 

5, 3, 2, 4, 

1 


To the south-west of the Kooniber plateau runs a string 
of tcclas among which Urrunaband, Duyapur, Chapaniuila, 
Ml ijagram, Arkatipur and Cossipur are put out. The following 
analyses are available, indicating ordinary tccla and flat. 


Soil mark. 

' Cuarue 
nund. 

Fine 
sand. ' 

Silt. 

' Fine 
: silt. 

! i 

1 t.'laY, 1 

Loss 
on ign. 

Soil ly^»e. 

Urninaliund 

G 

j 

■ 2G 

17 

24 

! ' ■ 

1 I'.t 

7-71 

2, 4, 5, 

3, 1 

UoviijHjre No. 3 bhcel 

i 1 i 

1 ■' 

12 

44 

; 20 

ly '65 

4, 5, 3, 

1 

„ lyil (eela 

^ 20 1 

41 

12 

11 

i HI 

5-77 

2, p 3, 

4, 5 

Miijiigrain No. 7 (ee/a 

, 36 ' 

ly 

12 : 

y ; 

ly . 

4-yy 

1, 5. 2, 

3, 4 

„ No. y Hut ... 

11 i 

23 

31 ; 

10 1 

' 17 

7-25 

;h, -i, 5, 

1. 4 

Ourgantigger No 7 tUt 

: 18 1 

lU i 

26 I 

10 

14 

11-7G j 

3, 2, 1, 

5, 4 

„ No 2 „ 

' 10 * 

y 

U 1 

28 

1 14 

25 57 

4, 5, 3, 

1. 2 

No. 5 „ 

! 8 

6 ^ 

26 i 

23 

21 

14-87 ^ 

3, 4, 5. 

1. 2 

CoBBipore 

1 

4 ' 

18 

35 

, 

32 

7y2 

i 

4, 5, 3, 

^ 1 


The Lakhipur District. 

Tlie Lakhipur district is a large one, including part of the 
Koomber plateau and the area between the Labac and the Cliiri 
Ri vers and also the gardens south of the Surma bordering on 
the Bhiiban range. Unfortunately few analyses are available. 

The first convenient group of gardens to consider includes 
Scottpore, Doloogram, Budlicherra, Pallorbund and Narainpore, 
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since these start at the plateau and are included in the line of 
teelas and raised land which extends to the south. 

Both the Scottpore samples are of bheels, albeit poor in or- 
ganic matter, and, as such, show the analyses of flat areas. 
From Doloogram both teela and flat analyses are shown. The 
Budlichcrra samples suggest flats. . The Narainpore .soils are of 
the type formed by weathering, in which coarse and fine parti- 
cles form major fractions. 


Soil mark. 

Ooarse 

sand. 

Fine 

sand. 

Silt. 

Fine 

silt. 

Clay. 

Loss 
on ign. 

j Soil ty[)e. 

! 

Scottpore bheel No. 1... 

8 

42 

18 

19 

8 

5 30 

2, 4, 3, 1, 5 

n ,, No. 2... 

Doloogram, Manipuri 

3 

44 

IG 

21 

10 

5 13 

2, 4, 3. 5, 1 

teflaji 

„ Iringmara 

l.S 

35 

21 

10 

IG 

4 G2 

2. 3, 5, 1, 4 

Narain Hate 
„ LaUigmm 

3 

41 

2G 

12 

12 

415 

2, .3, 4, &, 1 

Hal 

), PoiiarbanH 

1-2 

31 

22 

11 

IG 

G 02 

2, 3, 5, 1, 4 

• hunch i ... 

14 

18 1 

15 

21 

12 1 

17-20 

4 2 3 1 f) 

Biidliclierra No. 19 ... 

i 11 

20 

21 

12 

25 1 

1054 

5, 3, 2, 4, 1 

„ No. 18 ... 

Pollarband, Doloogram 

1 u 

i 

iG 

1 

20 

14 

1 31 1 

! 7-57 

5, 3, 2, 4, 1 

kuHchi ... 

i 33 

39 1 

11 

9 

4 

' 2-4G ; 

2, 1, 3, 4, 5 

,, M. P. kuncht 

: 20 

43 ‘ 

12 

13 

7 

5-42 

2, 1, 4. 3. 5 

n No. 6 flat... 

„ Single 

! 3G 

22 

y 

16 

9 

I G-2G 

1, 2, 4, i 5 

kuitchi ... ; 

28 

31 

11 

15 

7 

6-48 i 

2, 1, 4, 3, 5 

Narainpore 1912 

16 

12 

8 

18 

22 

23-23 

5, 4, 1, 2, 3 

„ ‘‘IS acres’’ 

18 

29 

IG 

IG 

17 

i 4*45 1 

1 

2, 1, 5, 3. 4 


As previously mentioned, plateau soil types seldom occur 
south of the Surma and the teelas and spurs coming from the 
North Cachar Hills are less sandy than those related to the 
Lushai Hills. The North Cachar Hills are generally richer in 
shales (laminated clays) than are the hills on the other side of 
the Surma and it is likely that, on this account, the plateau 
soils are more consistently heavy than flat soils washed from the 
teelas in the neighbourhood of the Lushai Hills. 

Plateau soils frequently exhibit no. 5 (clay) and no. 2 or 
no. 3 (fine sand or silt) as major fractions. At both Burtoll 
and Dewan the general — 5, 3, 3 type occur. 
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Soil ]nark. 

Coarse 

saod. 

■ 

Eine 

Sand. 

Silt. 

Fine 

silt. 

Clay 

Loss 
on igD. 

Soil type. 


HiirUill 

1 

n 

17 

24 

14 

25 

7'17 

5, 

3, 

2 4 

1 

n 

2 


15 

24 

14 

24 

7 '.52 

3, 

5, 

1 2 

\ 

M 

LyA. A 

1 

16 

47 

12 

18 

5 05 

3, 

5, 

2 4 ' 

\ 

0 


IG 

ly 

32 

6 

21 

071 

3. 

5, 

2, 1, 

4 

1 ; 

„ E 

7 

17 

27 

13 

20 

7 67 

5, 

3. 

2, 4, 

1 

» 

n 

0 

4 

1 40 i 

26 I 

22 

6 21) 

3, 

4, 

5, 2, 

1 


HJ. 1 

1 

8 

' 47 i 

14 

2.3 

6-29 

3, 

5, 

4, 2, 

1 

M 

„ 2 

1 

34 

1 4.3 

8 

11 

3 50 

3, 

2, 

5, 4, 

1 


„ 3 

22 , 

31 

24 

4 1 

5 

5 8.3 

2, 

3, 

1, 5, 

4 


No. 5 J ... j 

13 

, 31 

1 27 ^ 

i y i 

15 

5 05 

2, 

3, 

5, 1, 

4 


No 1 ) n ... j 

13 

21 

i 27 

6 

26 

J 66 

! 3. 

5. 

2, 1, 

4 


No. an 

15 

: 1 

i 31 

1 ^ i 

1.3 

5-35 

2, 

h 5, 

4 


At Labac the — 5, 3 t3’pe does not occur. 


Soil mark. 

Coarse ! 
sand, i 

Fine 

sand. 

Silt. 

Fine 

silt. 

Clay. 

Loss 
on ign. 

Soil type. 


Labiit 

No. 7 Hat 

21 i 

25 

8 

5 

36 

5-26 

5, 2, 1. 3, 

4 


Naraiupore bheel 

2 . 

3 

ly 

3y 

26 

io-y8 

4, 5, 3, 2. 

1 

t) 

No. 15 Hut ... 

24 i 

ly 

14 

y 

ly 

4 50 

1. 2, 5, 3, 

4 

17 

No. 8 bheel ... 

! 1 1 

4 ' 

7 

33 

42 

12-15 

5, 4, 3, 2, 

1 

>j 

No. Told ... 

21 ; 

25 ! 

■ 24 1 

() 

ly i 

4-46 

2. 3, 1, 5, 

4 

n 

No. 12 Hat 

7 

15 , 

: 14 

33 1 

i ' 

8-80 

4, 5, 2, 3, 

1 

7) 

No. 12 feelti 

3 

25 i 

10 

24 


6-22 

2, 4, 5, 3, 

1 

if 

sandy Hat 

y ; 

1 

50 

16 

y 

i 


2-35 

2, 3, 4, J. 

5 


At Dewan there are, broadly speaking, two types, one the 
— 2, 4, in which fine sand and fine silt arc major fractions and 
the other of tlie — 5, 3 or — 2, 5, 3 type with tlie fine silt (grade 
4) at the end of the chain. The second U’pe resembles the 
Koomber plateau soils. The two types occur on all the divisions 
of Dewan. 


Soil mark. 

Coar^^e 

sand. 

i'll 

Silt. 

Fine 

suit. 

Clay. 

Loss 
on ign. 

Soil type 

Lallong No. 2 

y 

33 

17 

10 

14 

619 

2. 4, 3, 5, 1 

„ No. 7 

11 

32 

4 

26 

21 

5-78 

4, 5, 1, 3 


18 

22 

21 

8 

22 

6-68 

2, 5, 3, 1, 4 

Tlmilu No. 2 

6 

23 

24 

25 

14 

7-52 

4, 3, 2, 5, 1 

„ No. 23 


30 

17 

21 

15 

7 53 i 

2. 4, 3, 5, 1 

)) ... 1 

1 18 

20 

22 

6 

^ 25 

719 

5, 3, 2, I, 4 

Bimdoo No, 4 ' 

1 ^ 

23 

20 

26 

i 17 

8-27 

i 4, 2, 3, 5, 1 

n 

! 13 

ly 

25 

^ 1 

1 26 

7-83 

5, 3, 2, 1, 4 

Idewan ... i 

17 

22 

25 

11 

1 20 

615 

3, 2, 5, 1, 4 

n No. 8 ... 1 

10 

33 

19 

U 

15 

: 0-02 

1 

2, 3, 4. 5, 1 
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The gardens sonth of the Surma may now be considered- 
At Binnakandi extreme types are met including very hea\ y clays 
and light sands. 


Soil murk. 

Coarse 

satitl. 

fine 
sand. ' 

Sill. 

i 

Fine , 
silt. 

Clay. 

Lose 
on ign. 

1 Soil type. 


lUunukttinU ILittikiiri 

i 1 

3 

8 

34 

35 

i 17-77 

1 

1 5, 4, 3, 2, 

1 

plateau re- 
plan ttxl ... 

i ; 

i 

' ! 

3^ 

12 

11 

10 

I 

3-52 

2, 1, 3. 4, 

5 

,, GotuniUhul 

; 17 ! 

sy 

y ! 

8 

4 

2 5 

2, 1, H, 4, 

5 

,, Ilattikuri 

No. 3 ... 

; r- 

1 n. 

1 2y 

15 

H 

; 3 G3 

' 2, 3, 4, 5. 

1 

Hungthal 

No. 1 ... 

; 2-2 

12 


IG 

21 

7 40 

; 5, 1, 4, 2. 

3 

,, UuDgthul 

No. 1 ... 

1 0 

; ^3 


2y 

13 

j 28 y8 

1 4, 2, 5, 3, 

1 

1 


The remaining analyses of this area are as follows : — 


j 

Soil mark. 1 

i 

Coarse 

sand. 

Fine 

sand. 

Silt, i 

Fine 

slit. 

Clay. 

Lo^8 
on ign. : 

Sm! ty|>e. 

Tilkah No. 11 .. 

4 

ly 

20 : 

34 

16 

G-77 

4, 3, 2, 5, 1 

„ No. n 

3 

27 

IG 

2y 

17 

8-3'J 

4, 2, 5, 3, 1 

Hlmbamllmr 


27 

2G 

23 

15 

7 3G 

2, 3, 4, 5. 1 

jj 

blmliun Valley No. C 

t,i! 

34 

15 

2y 

15 

G 5y 

2, 4, 5, 3, 1 

1 

8 

20 

35 

•25 

y-85 

4 , 5, 3, 2, 1 

)» ® 

G 

42 

18 

17 

10 

7-4y 

2, 3, 4, 5, 1 

„ No. 3C. 
„ No. 6 

7 

56 

14 1 

i 

12 

G 

4 72 1 

2, 3, 4, 1, 5 

C.E.M. 

» No* 3 

12 

51 1 

12 1 

15 


5 60 

2, 4, 5, 3, 1 

U E.S. 

1 

2 1 

12 

38 

27 

18-68 

4, 5, 3, 2, 1 

Cbingoor No 10 

i ^ 

U) 

15 1 

, 38 

18 

y-o 

4, 5, 3, 2, 1 

North Bunk No 8 ... 

32 

22 ! 

15 

17 

y 

4*34 

1, 2, 4, 3, 5 

No. y ... 

' 3 

1 

41 j 

IG ' 

ly 

13 

; 5*7 

L. 

2. 4, 3, 5, 1 


Chatla Bheel. 


Silcoorie, Borokai and Dhnrum Khali gardens may first bt 
considered. Many analyses of Silcoorie are available, showinj 
typical teela soils and flats. In two cases the flat soils miglu 
be mistaken for teelas, i.e., Titumia and Baja flats, although ii 
both cases the clay is somewhat higher than is usually found ii 
teela soils. Both Dhurum Khali samplep.are of bheels. 
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Soil mark. 

Coarse 
Rand. 1 

Fine 

Band 

Silt. 

Fine 

ei!t. 

Clay. 

Loss 
on ign. 

Soil type. 


Silcoorie No. 4 flat 

2 

11 

20 

25 

34 

6-44 

5, 4, 

3, 2, 

I 


Kanki flat ... 

It 

36 

20 

15 

13 

3‘98 

2, 3, 

4, 5, 

1 

n 

Ghar ... 

10 ' 

43 

16 

11 

16 

414 

2, 5. 

3. 4, 

1 

M 

JiiDgli flat ... 


18 

31 

21 

19 

4-48 

3 , 4 , 

5. 2. 

I 

11 

,, tfela ... 

48 

20 

10 

7 

13 

3i;6 

h 2, 

5, 3. 

4 

?» 

Titumia flat 
I^erbv Clear- 

21 

31 

13 

12 

18 

4-06 

2. 1, 

5. 3. 

4 


anee 

53 

111 

8 

3 

4 ; 

MI2 , 

1. 2, 

3, 5. 

4 


Hifa f^ela ... 

20 

22 

!!♦ 

13 

20 1 

3 31 1 

2. 1. 

5. .3. 

4 


South flat ... 

6 

.35 , 

24 

18 

13 1 

307 1 

2. 3, 

4, 5, 

1 


Baja flat 

27 

32 

15 

8 

14 : 

3'65 , 

1 2. 1. 

3. 5, 

4 

n 

No. 8 flat ... 

13 

51 

U* 

7 

8 

2-80 ' 

^ 2. 3, 

1. 5. 

4 


No. 12 flat... 

0 

24 

22 

21 

19 ; 

3-63 i 

i 2, 3. 

4, 5. 

1 


Bunglow (fefa 

33 

28 

13 

8 

16 i 

3-74 i 

! 1. 2. 

5, 3, 

4 

Borokai 

Dhurma KhaJ] Kala* 

30 

33 j 

7 

10 

12 1 

j 

4-53 . 

2. I, 

5, 4, 

3 

cherra flat 

J 

18 

17 

36 

8 ; 

1 

1 16 73 

4, .3. 

2, 5, 

1 


Derby and Poloi are on either side of a low spur running 
from the Lusliai Hills. Tlie Derby soils are mostly bhccls. 


Soil mark. 

Coflree 

sand. 

Fine 

saoil. 

i Sill. 

10 “ 

8 

19 

9 

13 

18 

7 

: Fine 
silt. 

12 

17 

24 

11 

9 

17 

8 : 

Clay. 

Lopb 
on ign. 

Soil type. 

Derby— Poloi k- incht 

No. 2 

No. 4 

„ No. 9 T. P. ... 

„ No. .5 P. B. ... 

No. 5 P. B. ... 

„ No. 3 B. ... 

34 

27 

7 

23 

17 

14 

17 

31 

11 

15 

8 

12 

20 

8 

22 

25 

13 

12 

21 

41 

4 48 
14-23 
736 
.■35- 12 
3618 
9-01 
22-61 

!. 2, 4. 3. 5 

1. 5. 4, 2. 3 

5. 4. 3, 2, 1 

1, 5, 4. 3. 2 

1. 3, 2, 5. 4 

5, 2. 3, 4. 1 

5. 4 3. 2 

At Poloi tlie soils are various ty]>es of flats, some of tlie sam- 
ples coming from good and some from \)Oor areas. The latter 
arc usually lacking in organic matter. The analyses shown arc 
typical of the great number available. 

Soil mark. 

Coarfo 

pRiid. 

Fine 

Band 

Silt. 

FilH' 1 
silt. 

Clay. 

Lobb 
on ign. 

Soil type. 

Poloi, good 

1 

14 

15 

33 

30 

8- 66 

4. 5. .3, 2, 1 

,, had 

5 

47 1 

14 

15 

13 : 

3-9.5 

2. 4. 3. 5. 1 

„ Line flat, bad ... 

6 

33 

27 

25 ; 

5 

41:3 

2, 3, 4. 1, 5 

» »* <1 ••• 

4 

22 

19 

30 

18 

7-42 

4, 2, 3, 5, 1 

„ Banak^I) 








S, kuhchi ... 

10 

6 

28 

22 

24 

10-02 

5 , 4. 1. 2 

n Batiakliall 








N. ku}ichi ... 

27 

6 

19 

14 

13 

19 43 

1. .3, 4, 5, 2 

,, Tewari flat ... 

8 

24 

27 

13 ’ 

21 

6 57 

3 . 2 . 4, 1 

„ Oooba flat ... 

6 

13 : 

26 

21 : 

22 

9 60 

3, 5, 4. 2, 1 

n DukhiflutNo. 2 

5 

2 1 

18 

30 

33 

9-63 

5, 4, 3, 1,2 

„ Point flat No. 4 i 

11 

i,i 1 

15 

24 

23 

11 27 

4 , 5 , 2 , 3, 1 


^54 


THK CACHAR DISTRICT. 


From Rukni, wliidi stands well away from the hills, the 
analyses denote heavy flats and light teelas although in the latter 
the order — 5, 4 for the clay and fine silt fractions is not 
obsen^ed . 


Soil mark. | 

; Coarse 
; sand. 

Fine 

sand. 

Silt. 

Fine ! 

1 

j 

Clay. 

I 

Loss 
on ign. 

1 Soil lyi^. 

Unkni Uoiidan^ Hat ... | 
,, Pooni ... j 

3 

! 48 

5 

‘23 

6 

7 

35 i 
11 

31 

7 

1 

1 

1,V12 

3-61 

I 4, 5, 3, 2, 1 
i 1, 2, 4, 5. 3 

i 


Typical samples from Monierkhal are given below. Daven 
port teela is an exceptionally heavy type for a teela. 


Soil mark. 



Coarse 

sand 

Fine 

sand. 

Silt, 

Fine 

silt. 

Clay. 

' Loss- 
j on ign. 

Soil type. 

Monierklwl 

3 

13 

10 

31 

23 

17'8ft 

4, 5, 2. 3, 1 


I 41 

31 

5 

4 

1 

; 3-84 

1. 2, 5. 3, 4 


1 

3 

23 

34 

30 

; 7 20 I 

4, 5, .3, 2, 1 

„ No. 6 teeh ... l 

i 45 

27 



11 

1 2*71 : 

1, 2, 5, 4, 3 

„ Davenport (eefa ... 

25 

i 

28 

I 8 

15 

, 18 

i 4*87 

2, 1,B, 4,3 


The next gardens to be considered consist in tliose to the 
west of the district and the analyses include Kuttal, RuttonjKire, 
Rosekandv, Boro Jalinga and Noarbund. On all these gardens 
the usual soils representative of fcclas and or flats are seen. 


Soil mark. 

Coarse 

sand. 

Fine 

sand. 

Silt 

Fine 

silt. 

Clay. 

Loss 
on ign. 

Soil type. 

Kattal Merrowah No. 6 ieeln 

40 

23 

in 

13 

rs 

4 09 

1, 2. 4, 3, 5 


Lag No. 3 thal 

21 

28 

17 

IH 

10 

4-32 

2. 1, 4, 3, 5 


„ No. 2 teela 

42 

27 

10 

10 

9 

300 

1. 2, .3, 4, 5 


Uhoj No. 2 

U 

39 

1.5 

14 

15 

417 

2, 3, 5, 4, 1 


B. P. teela 

16 

25 

17 

18 

19 

5-22 

2, 5, 4, 3, 1 


Single flat 

7 

22 I 

29 

1 23 

1.5 

4-53 

3, 4, 2, 5, 1 


B. P. No. 2 thal ... 

39 

30 

11 

1 10 

6 

2 53 

1.2,3, 4,5 


No. 5 teela 

39 

28 ; 

9 

i 12 

8 

3-30 

1,2, 4, 3, 5 


A. P. No. 2 thal ... 

51 

32 

5 

6 

2 

1-55 

1, 2, 4, 3, 5 


„ No 7 teela ...• 

43 

26 

8 

13 

5 

400 

1, 2, 4, 3, 5 


No. 1 thal M. 

4 

14 

23 

30 

i 21 

6-70 

4, 3, 5, 2, 1 


No. 1 that Haltia ... 

33 

27 

' 13 

16 

1 7 

2-77 ^ 

1, 2, 4, 3, 5 


No. 1 teela Haltia ... 

37 

29 1 

6 ' 

13 ' 

10 

2-73 

1, 2, 4, 5, 3 

»> 

Sabitila, Haltia 

1 48 

24 ! 

! 

9 

10 

5 

2-47 

1,2. 4 , 3,5 
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The Ruttonpore samples are mostly of flats, all on the heavy 

. side. 


Soil mark. 

Coarw 

Band. 

Fine 

sand. 

Silt. 

Fine 

silt. 

Clay. 

Loss 
op ign. 

Soil type. 

Kuttonpore No. 2 

3 

15 

17 

27 

28 

709 

5, 4, 3, 2, 1 

,, No. 4 Chundowa 

1 

4 

27 

33 

28 

6-59 

4, 5, 3, 2, 1 

,, No. 6 Nooaapani 

No. 7 Cbtiodooa- 

3 

24 

24 

21 

21 

6-32 

3, 2, 4, 5, 1 

don 

11 

25 

17 

29 

10 

6 58 

4, 2, 3, 1, 5 

The following 

analyses are from the three divisions of 

Rosekandi. 








j 

Soil mark. 

Coarse 

Sand. 

Fine 

sand. 

Silt. 

Fine 

silt. 

Clay. 

Lobb 
on ign. 

Soil type. 

Kosekandi No. 3 Hat 

2 

33 

21 

.. 

15 

5-56 

2, 4, 3, 5, 1 

,r No. 7 „ ... ; 

Shapore No. 5 flat [ 

41 

38 

6 

8 

4 

2-24 

1. 2. 4, 3, 5 

2 

6 

16 

37 

31 , 

756 

4, 5, 3, 2, 1 

Mains No. 9 flat | 

19 

36 

11 

18 

11 

10 80 

2, 1,4, 3,5 

,, Mains No 34 teela | 

59 

18 

1 

5 

8 

7 ! 

2-74 

1, 2. 4. .5, 3 


Rosekaiidi no, 7 flat is extremely light for a flat, suggest* 
iiig that the slope has been sufficient for the removal, by washing, 
of the coarse as well as the fine particles from the teela. 

The two Boro Jalinga samples are apparently from a teela 
and a flat. 


Sod mark. 

Coarse 

sand. 

i Fine 
j sand. 

1 Silt- 

; Fine ; 

silt 

Clay. 

Loss 
on ign. 

1 

1 Soil type- 

Boro Jalinga A. 

11 

53 

5 

16 

^ i 

1 

1 3-63 

2, 4, 1, 5, 3 


15 

23 

18 

19 

18 

4-97 

1 2, 4, 5, 3, 1 

Noarlnihd Idieol No. 1 

35 ; 

6 

11 

7 ' 

4 

36 01 1 

i 1,3,4, 2,5 

„ „ No. 2 

22 ' 

20 

21 

10 

6 1 

j 18-12 j 

i ! 

: 1,3, 2, 4, 5 


Hailakandi, 

The gardens in this district may be conveniently consider- 
ed in the order as they occur down the eastern side of the valley 
and up the western side. 
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THE CACHAR DISTRICT. 


At Burnie Braes the following tyi>es occur. 


Soil mark. 

Course 

sand. 

Fine 

eunil. 

Silt. 

Fine 

silt. 

Clay. 

Stiil type. 

on igri. 

Biiniie Braes, M^hanpore 
Ext. B. ... 

37 

24 

17 

7 

10 

4 3.^ 1, 2, 3. 5, 4 

,, New Ext. flat 

n 

32 

12 

13 

8 

5 84 2, E 4, 3. 5 

j, Zingari flat 

47 

11 

la 

11 

1 10 

10 411 1, 4, 2. 5, 3 

Godowii flat 

2 

2 

16 

44 : 

1 25 

10-81 4,5, 3, 2,1 

No. i flat 

31 ; 

4o 

7 

8 : 

it 

3.82 2;l,4, 3, 5 

No. 1 flat ... 1 

1 16 ' 

1 ll 1 

18 

24 

S 14 

, 13 30 4, C 1. 5, 2 

■5 Manipur 

1 43 

1 35 

6 

p 

4 

3 67 ! 1 2, 4. 3, 5 

„ Natun flat ... ' 

' 12 

1 10 

■ 13 

27 

20 

314 4, 5. 3, 1. 2 


Bundookinara and Kalacherra are adjoining gardens and 
their analyses are sliown below together. 


St^il murk. 

Coarse* 

sand- 

Fine 

s;mil. 

Silt , 

Fine 

silt. 

Clay. 

I.IISS 

igu 

S'.)!! ty]>e. 

Bniidookmara, no blight .. 

12 

4.4 

12 1 

17 

8 

5-24 

2, 4, 3. 

1. 5 

Kalacherra. blight 

15 ; 

.37 

14 

16 

p 

; 5 02 

4, 1, 

3. 5 

,, Go-bil 

1 6 

7 

11 ‘ 

24 

, 2H 

U-23 

.5, 4, 1, 

3. 2 

„ 10-acre flat 

26 ^ 

14 

11 1 

r.' ' 

10 

10-5(J 1 

1, .5, 4 

2. .3 

^ „ Rendi //frt/ 

, 40 1 

28 

7 

y 

\\ 

4-03 ; 

1 2, 5, 

4, 3 


---At Jaffirband the soils are various ty}x\s of flats. The 
first ?ind last samples are hhecls. 


S»il mark. 

■ Coarse 
; (fand. 

Fine 
s mil. 

Silt, 

Kino ■ 
Silt 

Cl,u 

)n ig.u 

S<jil tyjH’. 







■ 

. . 

.laffirbknd No 5 Iflk. 4 

1 

5 

i 10 

36 

20 

17 03 

4. 5, 3.2, 1 

n “A” 

It 

38 

i 13 

i 17 

13 

7 ll5 

•A 4. 5, 3, 1 


47 

16 

i 7 

' 12 

13 

l-DO 

1, -C 5, 4, 3 

No 6 flat 

,11 

2t 

^ 1 ' 

1 Eo 

27 

16 

; 5 55 

4, 2, 5.. 3. 1 

Kooki lhaf 

16 1 

34 

15 

15 

4 22 ; 

2, 1. 4, 3, ft 

,, Sect 5 

! ' 

p 

! 17 

26 

27 

1471 

5, 4, 3, 2. 1 


From Bagh-o’-Bahar there are four samples tliree of fairly 
stiff flats, kept friable by the hhcel nature of the soil, and one 
of a teela of the type common in Sylhet. 


Soil mark. 

Coarj« 1 
M.iiid j 

Fine 

1 Hand- 

Silt 

Fine 

t-ilt 

,,, ! IjOn.^^ 

CIuv. t 

^ ,<m ign.l 

i 

Soil tyfn*. 

lja'»’l»*o'-bahar No. 5 flat ... 

' 17 

18 

16 

18 

j 10 ill Oil 

5, 1, 2, 1, 2 

„ No. 12 flat 

ID 

6 

16 

21 

, 12 ;22‘2i) 

4, I, 4, S, 2 

Ebrahin) flat 

o 1 

16 

16 

. 17 1 

22 i 17'56 

i 5, 4, 3, 2, 1 

No. 13 

57 ‘ 

- 15 1 

i 

8 

6 

1 0 [ 4-20 

1 1, 2, 5, 3, 4 

I 
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From Lallanuikli a great numixir of analyses are avaiteble 
showing tile garden to consist largely of sandy flats. The flats 
wliicli are inclined to be lieaw arc kept open and tractable by 
liigli organic matter percentages. Representative samples are 
shown. 


Mark. 

Hainl, . 
1 

Kiini 

Hand. 

Silt. 

Tine 

Silt- 

Clay. 

Loss 
<)ii ign. 

S<>i! (y|x'. 

aill.tllittkir HS Hat 

40 

;u 

10 

8 

3 

.3 77 

1, 2, .3; 4. 5 

„ ao Hat 

4 ; 

3a 

14 

17 

10 

6 45 

2, 5, 4, 3. i 

StMi No. 2 

8 

i.') 

15 

22 ! 

; 20 

! 0-75 

5, 4, 2. 3, 1 

,, Kiiki tlat . . 1 

IS ; 

M 

IT 

1.3 

* 11 

! G- 3 

2, 1 , 3, 4, 5 

,, N. i>i(’hala K. ... 

i 

18 

12 

\\ 

i 7 

3-77 

1, 2 , 3, 4, 5 

„ No. 2 Hat 

1 ; 

IG 

15 

is 

j 2 .) 

I G'5G 

1. 5, 4, 2. ,3 

No. 4 

i 

2 S 

.3 

20 

i G 
! 

j 1 

1 , 2, 4, 5. .3 


From Ivallacherra the following are typical. 


S«'>il 111 irk. 

Coars<‘ 

gainl 

Fine 

s^ind. 

Sill. 

Fine 

>il(. 

L'kiy. 

■ 

Lo^s 
on li^n. 

S^.ii] ty{>e. 

I/allafliei ra Ni>. 1 tlat 

IG 

\i 

25 

IG 

15 

15 65 

3. 1. 4, 5. 2 

No. 2 Hat 

.37 . 

2.3 

IG 

5 

12 

4 5G 

b 2, 3, 5, 4. 

llarinclini 


( 






■ ' No, 1 

18 

2G ' 

14 

20 

1 ■ 

8 05 

2, 4, 1. .3, 5 

>fiUiO(iiiiia 

14 

37 

IG 

1,7 

12 

r)*os 

2 3, 4, 1, 5 

,, txli 

5G ; 

10 . 

G 

7 

H 

41 . 3 

1, 2. 5, 4, ,3 

From Roopacherr: 

1 — 






Soil mark, 

Conr5(‘ 

saml. 

Fine 

f^ainl. 

i : 

Fine 

sill. 

i 

: Clay. 

on ii^iu 

Sviil ty^x'. 

Koopai'liorra Badliipar 



i 





Hut ... 


2G 

14 ^ 

30 

■ 16 : 

i> 53 

4. 2, 5, 3, 1 

Hmlliipar 







■ ■ 


48 

' 23 

4 

13 

1 7 

3-83 

I 1, 2, 4, 5, 3 

Mona Hat 

2 

G 1 

18 

36 

27 i 

t»-40 

I 4, 5, 3, 2, 1 


The next four gardens, Dholai, Kukicherra, Manipur and 
Sultan icherra are situated in the narrow part of the Dhaleswari 
Valley. At Dholai the sainple.s are all of heavy clay flats, '^t 
Kukicherra both stiff and light soils occur, although tfey appear 
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to be from flats. The heavy soils from the two gardens are very 
similar. 


Soil mark. i 

sand. 

Fine 

sand. 

Silt. 

Fine 

silt. 

o ' 

! 

Loss 
on ign. 

Soil type. 

Dhotai ... 

1 

7 

20 

'39 

26 

4 54 

4 , 5, 3, 2, 1 


1 

3 

12 

46 

29 

6 43 

4, 5, 3, 2. 1 

,1 

1 

3 

10 

39 

' 31 

: 12-69 

4, 5, .'I, 2, 1 

Kukicherra 

4 

8 

10 

32 

i ‘26 

I 10 50 i 

1 4 5, 3, 2, 1 

M 

y 

2 

17 

! 28 

34 

j 9-76 

1 5. 4 , 3, 2, 1 

>* 

2 

8 

n 

: 25 

: 42 

! 1074 : 

i 5, 4, 3, 2, 1 


9 

24 

25 

! 22 

19 

1 4 90 

! 3, 2, 4, 5, 1 

M 1 

28 : 

26 

11 

. 16 

i 

; 5-54 

i 1, 2, 4. 3, 5 

1 

20 

i 

12 

13 


1 5-74 

' 2, 1, 5, 4, 3 


The Manipur samples are of great interest for they were 
taken from the best sections, which carry some of the heaviest 
yielding tea in the world. The soils yielding best are rich clay 
flats. 


I 

Soil mark. 

Coarse 

1 sand. 

Fine 

1 sand. 

^ 1 

Silt. 

Fine 

silt. 

Clay. 

Loss 
on ign. 

Soil type. 

Uaoipor ... 

nih 

6 

: 1 

i n 

44 

25 1 

8*29 

4, 5, 3, 2, 1 


25 

30 

I 

18 

9 ’ 

4 35 

2, 1, 4. 3, 5 

1 , ... ... 1 

1 

6 

i 19 

41 

17 

15 00 

4, 3, 5. 2, 1 

II — , 

1 


6 

15 

43 

27 

802 

4, 5, 3, 2, 1 


The Sultanicherra samples are shown below. The first two 
are of a silt type, uncommon in Cachar. 


Soil mark. | 

Coarse 

sand. 

Fine | 
sand. 1 


! Clay. ; 

i ’ 

Loas 

on ign. 

Soil tyj>e. 

Stiltanicberra 

4 

15 

! 

42 1 

19 

14 

6 43 : 

, 3, 4. 2, 5, 1 


5 I 

22 

22 ! 

28 

16 

, 5-76 i 

4, 3, 2, 5, I 


5 ! 

4 

24 1 

40 

19 

6-42 i 

4. 3, 5, 1, 2 
3,2, 1, 4, 5 


20 

i 

23 

26 

; 15 

11 

3 67 


Proceeding now up to the western side of the Hailakandi 
VaHey, ap^ly^ nre available from Appin, .Koyah, 
AenakhaljNew Kunchunpore, Serispore and Chandypore. 
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From Appin the analyses are of an old hheH, showing a 
loss on ignition of only 3.61 per cent., of fiats and a teela. 


Soil mark. 

Coarse 

suml. 

Flue 

sand. 

Silt, i 

Fine 

»ilt. 

Cltiy. 

Loss 
on ign. 

Soil type. 


Appin No. 1 old hheef 

45 

.31 

0 : 

9 

4 

3-61 

1, 2, 4, .3, 

5 

„ No. 2 Hat ... 

5 

G 

30 

29 

.37 

7 86 

6, 3, 4, 2, 

1 

,, No ^ flat ... 

i .3 

1 IG 

19 

30 

10 

: G-7G 

4, 3, 2, 5, 

1 

„ No 7 flat ... 

1 1 

8 

10 

28 

20 

^ 13 20 

4 ] 5 ! 1 ’ 3 ’ 

2 

„ No. 13 flat 

10 

^ 5G 

18 

9 

5 

■ 3-67 

; 2, 3, L 4, 

5 

,, New ieehi 

! 38 

I 

! 22 

i 

t; 

9 

14 

1 5 90 

; 4. 

3 


From Koyah only two samples are available both from flats. 
The Singalla analyses include both teelas and flats. 


Soil mark . 

L'uarse 

sand. 

Fine 

Sand. 

Isi. 

Fine 
silt. ! 

i 

Clay. 

Loss 
on ign. 

Soil type, 

Koyali No. 1 flat 

2G 

18 

: 11 

16 ' 

13 

13-94 

1, 2, 4, 5, 3 

„ Manipur flat ... 
Singalla, Chota harina 

2G 

14 

12 

IG 

16 

15-24 

1, 4. 5, 2, 3 

teela 

11 

14 

' 21 

18 

29 

G-G5 

5, 3, 4, 2, 1 

,, No. 2 teela... 

4 

15 

: 22 

27 

24 

5-89 

4 , 5 , 3 , 2, 1 

,, Luelmi teela j 

58 

17 

8 : 

5 

7 

3-04 

! 1, 2, 3, 5, 4 

„ Manik Hut ... ! 

3 

1 5 

' 28 

33 

23 

5 42 

1 4, 3, 5, 2, 1 

,, Lakri flat ... | 

1 2 

26 

^ 26 

21 ; 

19 

5-48 

j 3, 2, 4, 5, 1 

„ Kupa Hat ... 

1 0 

10 

’ 30 

' 27 : 

23 

7 12 

3, 4, 5, 2, 1 

„ Lall Hat 

1 

3 

; 23 

■ 1 

: 30 

7-87 

4, 5, 3, 2, 1 

Bara Harina 

1 ^ 

1.3 

22 

; 25 ! 

1 26 

8-55 

4, 3, 2, 1 

,, Kacliari Hat 

i ^ 

41 

23 

15 I 

, 1 

12 

4-76 

2, 3, 4, 5, 1 

1 


The stiflE teela soils at Singalla are of interest, resembling 
as they do, the plateau soils no»*th of the Surma. 


Front Aenakhal a great number of analyses are available. 
Typical soils are shown below. 


Soil mark. 

Coarse 

sand. 

Fine 

sand. 

Silt. 

Fine 

silt. 

Clay. 

Loss 
on igt]. 

8i>il tyj)e. 

Aenaklial, Golf teela 

47 

23 

12 

5 

10 

4-02 

1 , 2 , 3 , 5, 4 

teela 

42 

22 

14 

6 

12 

3-88 

1 , 2 , 3 , 5, 4 

,, Moorti teela 

63 

15 

! 7 

1 5 

7 

292 

1. 2, 3, 5. 4 

„ No.2 6A«/... 

26 

6 

i 14 1 

16 

20 

16-64 

1, 5, 4, 3, 2 

„ Seedam htmti 

: ^ 

27 

i 1 

13 

12 

: 4-11 

3, 2, 4, 5, 1 

Monnclierra bungalow 
teela ... 

1 35 

36 

10 

4 

12 

; 2*64 

2, 1, 5, 3, 4 

„ Labu teela 

i ^ 

16 

25 

17 

25 

6-94 

3, 5, 4, 2. 1 



t6o THK CACHAR PR^TRTCT. 

The last analysis suggests a plateau soil rather than a teela. 

The New Kunchunpore samples appear to be of flats. 
Those from Serispore are interesting in that some of the teela 
soils resemble the plateau soils of the Hap])v Valley. All the 
Chandypore samples are of flats. 


Soil murk. 

Course 

sand. 

Fine 

sand. 

Silt. ■ 

Fine 

silt. 

Clay. 

Loss 

ntl i«;M. 

Soil tyi*o. 


Kunotiunporc No. 1 ... 

1 

3 

“iTi 

33 

42 

H 01 

5. 4, 3 2, 

1 

.\o. 2 ... 

0 

10 

30 

31 

2t) 

5-45 

4. 3, 5, 2, 

1 

No. 3 ... 

1 

0 

18 

35 

29 

0 40 

4. 5^ 3 ! 2 ! 

1 

, No. 4 ... 

5 

A 

14 

35 

30 

0 Oo 

4, 5, 3, 2, 

1 

Serispore Ghotubar 

12 

14 

19 

11 

33 

1 0 05 

5, 3, 2, 1, 

4 

,, Koyulliall 

18 

34 1 

I 17 

11 

13 i 

t 5-54 

2, 1, 3, 5. 

4 

,. No. 1 tefilti... 

1 

10 

19 

39 

24 1 

0'3M 

4. 5, .3, 2, 

1 

„ No. *2 , ... 

■ 35 

3»'i 

11 

12 

8 

3 .87 ' 

1. 2, 4, 3, 

5 

„ No. 3 „ ... 

0 

17 

10 ; 

20 

28 

8-43 

5, 4. 2, 3, 

1 

„ No. 4 „ .. 

32 

21 ! 

7 ; 

13 

10 

0 14 i 

1, 2, 5, 4, 

3 

Clirmiypore No. 7 Hat 

5 

43 

23 

12 

11 

4-00 1 

2, 3, 4, 5, 

1 

„ No. 8 „ 

7 

30 

f 25 ^ 

10 

11 - 

511 ^ 

2, -C 4, 5, 

1 

„ No. 3 „ 

5 

10 ! 

I 29 

! 

20 

10 : 

5 08 

i 

3. 4, 5, 2, 

1 


I 



SOIL WASH. 


BY 

P. H. Carpkntkr. 

The prevention of soil loss by erosion is one of the most 
difficult problems confronting those who practis<e agriculture on 
sloping land. To the tea industry the ])roblein is of great im^ 
jKirtance, and in sucli districts as Darjeeling and South India 
the prevention of soil wash may beconve the chief problem of the 
estate. The prevention of soil erosion must, however, receive 
attention in almost all the tea districts, for, with the excep- 
tion of the Brahmaputra \hilley, nearly all the other areas con- 
sist largely of sloping land. E\en in the Brahmaputra \'al- 
ley there are many slopes such as JiuJhih sides, etc., that are 
obviouslv suffering from soil erosion. 

In the case of annual crops the loss of soil by erosion might 
not seem to of so great im])ortance, were it not for tlie fact 
that it is the top laver of the soil that is lost, the only 
part of the soil well titled for plant growth. If tlie surface 
layer of the soil is lost tlien the soil becomes, to a great extent, 
merely a collection of inert mineral particles. In the case of 
perennial cro])s, like tea, not only is the loss of the fertile top 
soil of as much imjwrtance as in the case of annual crops, but 
the exj>osurc of roots bv soil erosion is an additional source of 
loss of cropping capacity of the bushes. 

The factors of most importance influencing the loss of soil 
from slopes by erosion are — 

(/) Rainfall, 

(//) the type of soil, 

(///) the slope of the land. 

Whilst the total annual rainfall must, to some extent, 
determine whether aiiv erosion is likely to (xx'iir, yet, of more 
importance is the distribution of the rainfall. If the rain is 
evenly distributed throughout the year, with no |)eriods of ex- 
cessive precipitation, then a high annual rainfall may cause less 
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erosion than a nnicli lower rainfall unevenly distributed. Con- 
sider tlic rainfall in Darjeeling and Buitenzorg, Java. 



India 

Darjeeling, 

Java 

Buitenzorg 


ins. 

ins. 

January 

0.76 

17.6 

February 

I .oS 

^ 5-9 

March 

2.01 

16.6 

April 

4.08 

16.2 

May 

... 7.83 

14.9 

June 

... 24.19 

I I . I 

July 

... 13.74 

10.2 

August 

... 25.98 

8.2 

September 

... 18.34 

13-5 

October 

5’35 

16,7 

November 

0.24 

15.6 

December 

0.20 

14.6 

Total 

... 1 2 1. So 

171.7 


Buitenzorg with a higher rainfall than Darjeeling by 
inches per annum is less likely to suffer loss of soil by erosion 
than Darjeeling, where the rainfall is concentrated so that locj 
inches are registered in about 120 days. 

The loss of soil by erosion is caused by rain that cannot 
soak into the soil, but is forced to run off over the surface. 
Consequently the nature of the soil plays a large part in deter- 
mining the amount of erosion tliat will take place from a definite 
rainfall. 

A coarse-grained, sandy soil into which water can easily and 
quickly penetrate, will be less subject to erosion than a fine 
grained soil through which water can only move slowly, forcing 
a much greater percentage of the rainfall to run off the surface. 
In addition, owing to the smallness and lightness of the soil 
particles in a clay soil, their removal will be easier than in the 
case of a coarse grained soil. 
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The depth of the easily permeable layer of the soil is also 
of iiiiix)rtance, for the greater this depth the greater will be the 
amount of water that can be absorbed before it becomes satu- 
rated, and consequently the longer will be dela\ cd the time when 
run off of water must take place. In the tea districts, however, 
during the Monsoon period the soil remains so near the satura- 
tion |XDint that run off very quickly occurs no matter what 
the type of soil may be, and the main preventive against loss 
then becomes the inertia of the soil particles, or the presence of 
mechanical obstructions. 

The slope of the land must be considered as the greatest factor 
governing the loss of soil by wash. On a steep slope, the water as 
it runs off a sin(X)tli surface of soil (and under the battering effect 
of direct rainfall a soil surface quick Iv becomes smooth) 
attains such a velocity that it is capable of carrving along with 
it soil particles. The greater the velocity of the water the larg- 
er the soil particles that can be moved. 

The following table gi\es the ^’elocity of water in inches per 
second required to move particles of varying sizes. 

Rate of water flow. Size of particles nio\ed. 

3 ins. per sec. or o. 1 70 miles per hour . . . Clay. 

6 M >, 0.340 ,, ,, ... Fine sand. 

S ji M 0.455 n M M Sand as coarse as 

linseed. 

M 1, 0.682 ,, ,, ,, ... Fine gravel- 

^4 M M 1.364 ,, ,, ,, ... Pebbles i inch in 

diameter. 

3 ^ M M 2.045 M M Small stones. 

It is difficult to obtain any accurate tigures regarding the 
rate at which water runs off a soil slo|)e, but some approximate 
idea of this can probably be obtained by the use of the formula 
relating to the flow of water in drains, viz. 

V = C c/ 1 ^S 

where V = the velocity of the water in the drain in feet 

per second. 
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R = Cross sectional area of drain in square feet 
divided by the wetted perimeter of drain in lineal 
feet. 

S = The slope of the land. 

C = A coefficient obtained from Bazin's formula for 
water flowing in earthen channels. 

1 ' 

v/ 0000.^5:U(R+4-l) 

If the width of the water flow is \erv much greater than 
the depth of the water, c.g, , if we consider not a drain, but 
waler flowing freely over the surface, then, the maximum velo- 
city of the water is directly projx^rtional to Wie depth of the 
water and the square root of the slope. 

The following table gives the maximum \ elocitv, in feet per 
second, for varying depths of water and of slo])e. 


Velocity of water in feet per second. 






DfPTH (IF WATEH. 




Slope 







1 ifxh. 

^ inclj. 

h incli 

i inrh. 


1 

in 100 


044 

0 33 

0-22 

Oil 

1 

p 80 


050 

0-37 

0 25 

012 

1 

„ 60 



0-43 

0 28 

0-14 

1 

, 40 


0-70 

! 0'52 

0-35 

0 17 

1 

„ 20 


I'OO 

0 74 

0-50 

0 25 


„ 10 


1 4 

i 1 05 

0 70 

0*35 

1 

„ 6 


1-80 

. 1-35 

0-90 

0 45 

1 

n ^ 


j 1-97 

; 1-4H 

i 0’98 

1 0-49 

1 

„ 4 


1 2'20 

166 

MO 

! 0 55 

1 

V 3 


2-55 

i 1-91 

1 27 

0-63 

1 

n 2 


312 

j 2 34 

1 56 

i 

1 0-78 

1 _ 


Water flowing at a depth of one inch over a slope of i in 
IDO will attain a uiaximum velocity pf .44 feet or inches 
per second. This will be a sufficient velocity to remove fine clay, 
but not sufficient to remove fine sand or any larger sized soil 
particles 
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If the water were flowing with a depth of only half an inch 
then no particles of soil would be moved. Reference to the 
above table shows that tlie slojxi would have to be increased from 
I in 100 to I in 80 in order to move clay particles with water 
flowing at a depth of half an incli. 

If the water had a depth of only inch then the fine clay 
particles would not be moved until the slope became i in 20. 

P'or fine sand to be moved with a depth of water of one inch 
the slope would need to be i in 80. With half an inch of water 
the slo]>e would have to be increased to i in 20. 

A heavy fall of rain may produce a depth of water that may 
easily attain a velcKuty sufiicient to carry a wav sand particles, 
and, if the slope is long, the accumulated water from the upper 
parts of tile slope may reach a depth on tlie lower part sufficient 
to cause most serious erosion. 

The amount of water that will percolate through the soil 
varies with tlie class of soil. For instance, fine sand (passing 
througli lou-mesh sie\e) will allow 40 inches of water to pass in 
24 hours througli a column 14 inches in depth, with a head of 
water maintained at two inches. 

On the other hand, a clay loam, under similar conditions, 
will allow only 1 .6 inches of water to pass tlirough. This seems 
to indicate that a sandy soil, containing no fine particles, would 
allow water to pass througli at a rate sufficient to deal with a 
rainfall of one inch per hour, if not extended over several hours. 

When the spaces Ix^tween the soil particles become filled 
with water, tjlie soil is then saturated and unless the rate of 
percolation is rapid, practically all the rain falling after that 
condition is readied must run off. It is therefore of interest to 
know the amount of water that will run off an area from a de- 
finite rainfall. 
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The following table shows the cubic feet of water collect- 
ing on one acre of land at various hourly rates of rainfall. 

Rainfall inches pet hour. 


t 1 

Uaiufall per hour. inch. 

i inch. 

1 " 'f' 

j \ inch j i inch. 

t 1 

1 inch, j 

2 inches. 

Ctfbic feet water fall- ; I 

ing on an acre per I 

hour ... 1 36^ i 454 

i : 

1 

1,815 

3,030 

: 620 


Por a rainfall of one inch per hour the drain discharge for 
one acte, assuming that all the water ran off, would need a 
capacity of 3,630 cubic feet per hour, equal to 22,690 gallons. 
Taking a safe velocit}’ of water in an ordinary earth drain to 
be 2.5 ft. per second, then a drain with a 6-inch bottom sloping 
at I in 16 will fill to a depth of inches in carrying awav the 
volume of water under consideration viz,, 22,960 gallons. 

Whilst the figures abo^e are but approximations, yet they 
are of considerable interest in indicating how very necessary it 
is to take precautions against soil wash on even very slight 
slopes. They also indicate how very necessary it is to control 
the run off over a slope before it has attained more than a slight 
depth, and the greater the slope the greater the necessity for 
control. Detailed attention must also be paid to the discharge 
capacity of the drains and their angle of slope. 

The difficulties to be overcome to prevent erosion on tea 
gardens are very serious and unfortunately there is little ex- 
perimental data dealing with the subject. Considerations, there- 
fore, of the means that may be adopted to minimise the trouble 
are largely based on theoretical data and general experience. 

The prime factor of the problem appears to be how to reduce 
the velocity of the flow of water over a slope to such an extent 
that erosion will not take place. This can be done in several 
ways. The first and probably the most efficient method is by 
terracing, arranging that the slope of the terrace in any direc- 
tion is not great enough to allow of .soil movement. The run 
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(?ff water from each terrace must be taken away under control 
in its own drainage channels, and not allowed to pass from one 
terrace to the next lower one. On the more gentle slopes, ter- 
races can be formed by building contour bunds, but on steep 
slopes the terraces must be cut out. 

A slope of I in s would require a bund 9 inches high 
every 5 feet in order to form a terrace having a slope of t 
in 20 on which water % inch deep would attain a velocit}' 
that it could just move clay and no other particles. Such bund- 
ing would be impracticable so that, for this slope, cut terraces 
are required. 

A slope of I in 10 would require a bund 6 inches high every 
10 feet in order to form a terrace with slope of i in 20. 

It is only necessary to go into forest land on hillsides to 
realise that some conditions are present that ^'ery materially re- 
duce soil erosion. Perhaps three of tliese factors may with ad- 
vantage be mentioned. 

(1) The first is the overhead cover provided by the growing 
trees. This prevents, to a very great extent, the battering ef- 
fect of the rain falling directly on to the soil and reduces the 
velocity of the rain drops before they reach the ground. 

(2) The second is the random distribution of jungle plants. 
Tlie absence of any straight line effect up and down the hill 
does much to prevent the formation of water gullies. 

Unfortunately on many tea gardens the bushes are planted 
in straight lines up and down the slope, a form of planting tend- 
ing seriously to increase erosion. In such areas it is often noted 
tliat water channels form in the lines between the bushes, and 
if very careful precautions are not taken to prevent soil loss, in 
a very few years the bushes are gradually left on pinnacles or 
very narrow individual terraces. 

The type of planting providing the greatest amount of im- 
munity from wash is regular contour planting. Because this 
method of planting is not quite so simple as straight up and 
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down planting it was not generally adopted in the earlier days. 
With regard to the supposed greater working inconvenience on 
contoured areas, it is true that it does make the garden opera- 
tions of plucking and pruning less easy, but on the other hand 
it does reduce the tendency to cultivate up and down the hill, 
another source of soil loss to the upper slopes. Contour planting 
does not interfere with cultivation but rather aids it, in that 
it induces it to be done in a better manner. 

(3) Another factor reducing soil wash in the jungle is the 
accumulation of organic matter in the form of dead branches, 
twigs and leaves. These provide a mulch over the soil and very 
largely act as a protective layer, which no doubt itself suffers 
loss, but is renewed year by year. 

It would seem possible to utilise this luetliod in tea gardens 
by leaving the annual leaf fall from the bushes and also the 
prunings and jungle growtli that luue been sick led, on the sur- 
face, instead of turning it under the soil. Undoubtedly such a 
procedure would very materially reduce soil loss and sucli 
methods have at times been employed, but the continuance of 
such a practice on any one particular area requires caution, for 
the collection of rotting organic matter tends to accumulate 
against the stems of the tea bushes and disease can readily spread 
from the rotting matter to the tea bush itself. This has hap- 
pened many times in tea, and outbreaks of disease, c.g., Roscl^ 
linia arcuatay have occurred which may easily assume serious 
pro|X)rtioiis. Another real danger is that the encouragement of 
such a mulch on the surface of the soil encourages the propaga- 
tion of insect pests. 

Although a mulch of rotting vegetable matter cannot be 
safely employed to stop soil wash, a growing crop may be used 
with the same object. Weeds and small plants growing as a 
cover on the soil do greatly help to prevent wash, partly because 
the roots tend to bind the soil but mainly by reason of the check 
upon the rate of flow of water over the .soil surface. In this 
manner it is possible to prevent the water from reaching a velo- 
city that it would attain in flowing over a cle.au land slope. 
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Unfortunately tlie i^rowinj^ of jungle on a tea area reduces 
the crop but it is noticeable tliat certain classes of jungle do this 
far less than others. Shallow rooting i)lants have a less harm- 
ful effect than ha\e some of the deeper rooting grasses. 

If, therefore, tlie use of a cover crop is to be employed for 
preventing soil wash, a S3'.ste]n of selective weeding must be 
adopted. So far but \'ery little has been done in North-East 
India in this direction although other tea districts have given 
the matter rather more attention. Selective weeding, however, 
has its difficulties and perhaps a .simpler way of dealing with 
the matter is to grow some si: allow rooting crop. This has been 
tried and a number of j)Iants a])])ears to have given successful 
results, c.g., Indii^ofcra I'lidccaphyUa, ] igua oUgospenna, Des~ 
iuodiitm triflotum, CnHidariii nicaua. Mixed crot(dar'ui, Ipowuca. 

The following figures afford coiii]>arati\e data. They are 
taken from tlie records of the Pe radon i^ai Experimental Station, 
Cevlon, showiiig the loss of soil by erosion on unprotected soil 
and afso on soils on which \ arious ]ilants are being grown. 

Loss bv erosion in lbs. 


Soil untreated 

... S14 

CrotaUirid incd)ia 

• ■ ■ 309 

Mixed rroidiiirni 

... 176 

Iponutea 

■■■ 133 

Desinodiiini trijlor.i)}} 

... 30 


Ash pi ant in his experiments on an area growing rubber on 
a slope of I in gi\ eas the following comparati\e data : — 

L(\n\s' of soil by 'icash. 
tons. cwts. 

Plot 3, leguminous co\er crop ... o 14.4 

,, 4, hand weeded ... •■•5 U*3 

,, 5, weeded b\' nuiniooiy (liglit culti- 
vation) ... ■'■7 

Another pair of plots .shows the effect of allowing weeds to 
grow. 
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Loss of soil by wash. 
tons. cwts. 

Plot I, no deep cultivation. Light cul- 
tivation by )M(nMot)Lv (hoe) ... 22 4.6 

Plot II, no deep cultivation. Circles 

around trees only clean weeded o 1.6 

The reduction of the velocity of water over a slope can als» • 
be accomplished in some measure by growing certain plants in 
the form of hedges along the contour. Thus — 

Loss by erosion in 

Crotalaria in lines across slopes ... 50 

Untreated soil ... ... S14 


The battering of the rain on the soil surface of a slojje quickly 
tends tto produce a smooth surface over whicli the water can 
attain maximum velocity. If the soil surface can be kept in 
a rough uneven state then the velocity of the water will be 
greatly retarded. 

Soil lost by wash. 

Treatment. tons. cwts. 

Plot I, no deep cultivation *-j 13 13 

M 5i deep cultivation ... ... 7 17 

Both plots were weeded by nmnmoi/Vs (light cultivation). 

Plot 4, hand weeded ... ■■■5 17 

,, 5, weeded by nnnnoaiy (light cuU 

tivation) ... •••7 

The following data obtained by Ashplant from an experi- 
ment on a rubber planted area in South India are of value. 


tons. 

cwts. 

Plot IV, hand weeded, deeply dug before 



experiment 

5 

173 

Plot V, hoed mamooty, but deeply cul- 



tivated shortly before exjXTi- 



inent 

7 

17.0 



carpenter. 


I7I 



tons. 

cwts. 

Plot I, 

hoed ma}nooty but no cultivation 



by digging for eight months 



previous to experiment ... 22 

4.6 

Plot VI, 

Contour pits and bunds with 



clean weeding ... ... i 

17.6 


The slope of tlie land on which the above experiments are 
being conducted is i in 5. The area is under rubber trees. 

Cultivation, providing a loose layer of soil, allows the rain- 
fall to soak quickly into the soil and thus prevents water remain- 
ing on the surface. So long as the soil can absorb the rain that 
is falling for so long will there be no loss bv wash. It is not 
until the soil can no longer absorb the rainfall that run-off over 
the surface takes place. This seems clearly to indicate that the 
deeper a soil is loosened tlie less will be the likelihood of run 
off. That is to say that deep cultivation will prevent loss by 
wash, more effectively than shallow cultivation. This is borne 
out by the data given above. 

It is however necessary to remember that a soil layer satu- 
rated with water resting on a more compact laver has a tendency 
to slip as a whole, and consequently on well culti^•ated areas the 
provision of contour drains that will carry the water away from 
the area are necessary. Contour drains must also be so devised 
that water does not remain in them but that it is quickh^ dis- 
charged so that the soil in tlie neighbourhood of the drain is 
not kept in a saturated condition. 

On cultivated laud the finer particles of soil may often be 
washed away but the coarser particles such as sand may 
be left behind. The layer of sand on tlie soil sur- 
face then acts as a mnich of coarser particles and prevents 
the erosion of the soil below the layer. When such a layer is 
formed the soil should not be dug to a depth greater than the 
depth of the sandy layer for every time deeper digging is done 
a fresh layer of soil containing finer particles is brought to the 
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surface and the liner particles washed away. A sandy layer of 
soil having a depth of perhaps 7 to 8 inches can Ix^ obtained 
and this prevents soil loss, but great care needs to be taken to 
remove the water that percolates through the sandy layer as 
quickly as possible .so as to prevent its becoming so saturated 
with water as to allow a slip to take place. 

When devising contour drains to renio\'e the water it is ob- 
vious that they must not have so great a slope as to allow the 
water to attain such a velocity as to erode the drain, nor to carry 
away in suspension any of the larger sized soil particles. It is 
often difficult so to construct drains that fulfil all the necessary 
conditions. In such cases where the drain slope is unavoidably 
too great innch can be done to reduce the \'elocity of the water 
by filling the drains with faggots of primings or similar 
material. 

Protection bv shading with trees or bv the foliage of the 
tea bushes themselves, also helps to reduce soil wash. Tlie ef- 
fect of shade is very clearly to be noticed on some tea areas in 
tlic hilly districts of North-East India and under areas on which 
the tea bushes are fully grown. 

The following data obtained from Ceylon illustrate — 

Loss by crosio}! in lbs. 

Soil unshaded ... ... 814 

Dadap (Erythrina indica) ... ... 330 

Alhizzia ... ... ... 168 



ON THE INCIDENCE OF INSECT PESTS AND 
FUNGUS DISIvASES ON TEA AT TOCKLAI. 

BY 

E. A. Axdrhws. 

At the end of igi-j a small area of tea at Tocklai, planted in the 
cold weatlier of 1915-16, was set aside for tlie purpose of making- 
observations on the incidence of insect pests, and on the possible 
effect of different treatments in encouraging or discouraging at- 
tack by different jx^sts. 

The different treatments initiated were as follows : — 


Manuring — Plot A to recei\e Nitrogen and Potash. 

,, B ,, Nitrogen only. 

,, C M Nitrogen ^ Phosphoric Acid. 

,, D ,, Potash only. 

B ,, Potash & Phosphoric Acid, 

j ^ p , ^ Phosphoric Acid only . 

,, G ,, No manure. 

H ,, Nitrogen, Potash & Phos- 

phoric Acid. 

Pruning— I to be cleaned out wlicn pruning. 

] not to be cleaned out. 

K to be pruned badly so as to lea\c 

snags. 

L to be pruned carefully tt) leave no 


Miscellaneous — 


snags. 

M not to be collar pruned. 

N to be collar pruned. 

O to be pruned on one-ycar wood. 

P to 1)0 pruned on two-year waxui. 

Q to be plucked liard. 

to be plucked lightly. 

S to bo kept clean and free from 
jungle. 

T to be allowed to be smothered n; 
jungle. 



m 


ON The INCtDEKCE OF INSECT PESTS, &C. 


Plot U to be treated at intervals with lime- 
sulphur. 

,, V to be treated at intervals with Bordeaux 
mixture. 

,, W to receive no such treatment. 

At convenient intervals during each subsequent year, the 
bushes have been subjected to careful observation and the insects 
(and fungi) occurring on each bush recorded. In all, 49 observa- 
tions have now been made, and as certain small differences in 
behaviour are beginning to be noticeable it has been decided to 
commence the issue of a series of progress reports on the be- 
haviour of the different pests. 

It is interesting, first, to note the relative frequency with 
which the different pests were found on the area. This is shown 
in the following list, the ]X)ssible number of occurrences being 
6,762. 


Insects and Mite 


Red Spider Occi 

Lirred 

53''^2 

Tea Aphis 

1 1 

1850 

Leaf Rollers 


448 

Nettle Grubs 

» ♦ 

124 

Tea Seed Bug 

> } 

98 

Gelatine Grubs 

» 1 

66 

Termites 

) i 


Looper Caterpillar 

f j 

28 

Sandwich ,, 

» ) 

14 

Scale Insects 

» I 

12 

Lymantriid Cater- 
pillars ' 

} > 

8 

Red Borer 

t f 

4 

Bark Eating Borers 

» f 

2 

Faggot Worms 

* > 

2 

Tea Leaf Mining Fly 

1 ) 

2 

Red Slug 

ft 

I 

Conical Psychid 

n 

I 


times. 

i j 

) ) 

f t 

I * 

} 1 

i I 

) ) 

j » 
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Fungi Brown Blight Occurred 6624 times 

Red rust ,, 5224 ,, 

Cercospora ,, 402 ,, 

Copper blight ,, 52 ,, 

Stem diseases ,, 12 ,, 

Grey blight ,, 6 ,, 

Blister blight ,, 2 ,, 

The relative ini|X)rtance, on these plots, of the various insect 

pests and fungus blights, is very well shown. 

It is, moreover, ob\-ious that in the case of most of the pests 
and blights the number of occurrences has been so small that the 
accidents which affect the distribution of all j^ests and blights 
cannot be ignored, and no reliable conclusions on the effect of the 
different treatments on their distribution can be drawn. 

In the ca.se of red s])ider, tea aphis, and leaf rollers among 
the insects, and of brown blight, red rust, and Cercospora among 
the fungi, however, there is a sufficient number of observations 
to make a study of the records worth while. Taking the number 
of times a pest or disease has been recorded from the bushes in 
a plot, and dividing by the number of bushes in the plot, one ob- 
tains a figure for the average numixm of times each bush in a 
plot was found to be infected. 

In this way the following *able is obtained : — 


Pint. 

Treatnietit. 

Hrowu 

Hed 

rust. 

Ceroo- 

SjKira. 

Ked 

spider. 

iea 

Aphis. 

Leaf 

Rollers 

A 

Nitrogen and Pota^li 

36 0 

23.3 

1-5 

23-2 

0-7 

1-8 

B 

Nitixigeii only 


2G-3 ^ 

2*3 

24*8 

0-5 

1-7 

0 

Nitrogeti and Plioephoric 
Acid 

38-3 

232 

1-6 

23-7 

103 

1-8 

D 

; Potash only ... 

33 0 

28 0 ' 

1-6 

; 25*0 

10-5 

1-3 

h! 

Potash Slid Phos[)l>orie 
Acid 

325 

23 0 

1-2 

26-0 i 

10-3 

0-8 

P 

Pliosphoric Add 

370 

26-7 ^ 

2-0 

28-3 

9-2 

30 

Q 1 

Nil 

1 380 

268 

28 

26-8 

9-0 

3^5 

U 

Nitrogen, Pt^tasb and PItos- 
phoric Acid 

33-6 

306 j 

1-5 ; 

24-5 

11*0 

2-6 
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V\ot. 

Ti&Atiimil. 

Hr<.)wn 

hlight. 

Hed 

ru^^I. 

Cerco- 

Nporu. 

lied 

«[dder. 

Tea 
A]) Ilia. 

Leaf 

KollerB. 

1 

Not oleLiiieil out iu pruning 

;w-5 

40-2 

1-3 

31'5 

H-0 

1-3 

J 

Cleiinoii out 

25'7 

2 0 0 

1-7 

240 

11-2 

20 

K 

Snag pruned... 

28 U 

35-3 

1-3 

31-7 

100 

1-7 

L 

Clean ,, 

25‘7 

18-3 

1-5 

20-0 

10-2 

1-2 

M 

Not collared ... 

28-2 

20-8 

lo 

27-5 

7-7 

2-5 

N 

Collared 

25-5 

ISfj 

1*5 

22 0 

11-2 

2-5 

0 1 

Pruned on 2 -year wood ... i 

27'5 ; 

25-3 

1 0 

28-0 

11*5 

2-'> 

P 

I'runed on l-year wood ... ; 

27-d ! 

20-0 

1-2 

23'R 1 

10-3 

2-5 

Q ! 

Hard plucked 

3iL7 j 

28:i 

3-3 

32-2 

O' 5 

Of) 

K 1 

Lightly 

38-7 i 

28-2 

3 5 

28-0 

j 0-0 

O'O 

8 i 

Free from jungle 

a8-o 1 

30 3 

30 

30-0 

i 8-0 

H-U 

T 

Overrun wltli jungle 

35di I 

245 j 

2-8 

20-3 

i " 

4-7 

U : 

Lime'jjiilphnr 

! 

28 0 i 

3-(i 

30 5 

1 ^ 

1 8-0 

^ } 

Bordeaux niixtiive 

34 3 j 

27 0 1 

3-7 

2(70 

i '(w 

7-7 

vv i 
1 

entreated ... ... 

3l5 (1 ; 

28' 8 ; 

1-5 

i 

20 -2 

j C-3 

1 

6*3 


With tlie help of the uIdovc table the incidence of a pest or 
blight can be compared with the treatment tlie different plots 
received . 

The results on most of the manured plots are irregular, but 
it will be observed that in the case of all three fungi the plot 
which has consistently rccei\ ed |K>tash and phosplioric acid was 
observed to be infected on the fewest number of occasions. In 
view of the number of observations this can hardly be coincidence, 
and moreover the observation is in line with the results obtained 
at Borbhetta, where it has been found that, whereas potash 
applied alone may have little effect, its effect becomes very marked 
when phosphoric acid is applied with it. With regard to insects 
and mites the manuring has had no influence which can be traced. 

In the plots devoted to pruning treatments the results are 
more strongly marked. It will be observed that in the case of 
brown blight, red rust and red spider all processes which tend to 
bring about the retention of ^xior and old wood in the bushes 
for a shorter or longer period cause an increase in the prevalence 
of the fungus. Thus the plots carefully cleaned out and care- 
fully pruned show less infection than those in which cleaning out 
is omitted and pruning done carelessly, so that the bushes are 
full of unproductive and non- vegetative shoots. In the plot 
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which was not collar-pruned there is a tendency for there to be 
more shoots of this kind than in the plot in which the buslies lla^*e 
been built up on clean strai.i(ht stems from the .ground, and there 
is a consequent increased liability to presence of the diseases. 
In the tea pruned only every other }'ear, too^ unproductive 
shoots remain on the bushes long cnougli to be affected. Cer- 
cospora, and tea aphis, on the otlier hand, appear to prefer light 
and air in the bushes, and sound flushing shoots, while the dis- 
tribution of leaf rollers shows no relation to the treatment. 

Hard plucking seems to have had no effect, so far, in increas- 
ing liability to attack by fungi, in fact tlie figures tend to show 
the op|X)site result. Red s]nder lias shown up a little more on 
the hard-plucked bushes, while the leaf-rollers, as is only to be 
expected, show uj) more on the liglitly ]ducked bushes. 

A noticeable feature is that tlie plot left smothered in jungle 
the whole time has been distinctly less attacked by both insects 
and fungi tliaii the jdot, alongside, in which jungle was always 
kept down. 

Spraying has scarcely affected the incidence of pests and 
blights, though the Bordeaux mixture won’d appear to be better 
as a preventive than Lime-sulphur. 

It should be noted that all the above remarks refer to the 
incidence of the various pests and blights, and not to the amount 
of damage done. This is not being measured in this experiment. 
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Part 1. 

Part IT. 

IVt III, 

Part IV. 

Price per 




' 


copy. 
Rs. A. 

P. 

1911 

Available. 

Available. 

Available. 

Available. 

0 

6 

0 

1912 

do. 

do. 

do. 

do. 

0 

6 

0 

1913 

Out of Stock. 

do. 

do. 

( )iit of Stock. 

0 

6 

0 

19U 

do. 

do, 

do. 

Availuble. 

0 

6 

0 

1915 

Available. 

( tut of Stock. 

do. 

do. 

0 

6 

0 

1916 

Out of Stock. 

Available. 

i )iit of Stock. 

( >ut of Stock. 

0 

6 

0 

1917t 

do. 

do. 

do. 

Availalde. 

1) 

6 

0 

1918 

do. 

Out of Stock. 

Available. 

t tut of Stock. 

0 

6 

0 

1919 

Available. 

Available. 

do. 

Available. 

0 

6 

0 

1920 

Out of Stock. 

tdut of Stock. 

Out of Stoc‘k. 

( )ut of Stix’k. 

0 

ti 

0 

1921 

.Available, 

Available. 

Available. 

Available. 

0 

8 

0 

1922 

do. 

do. 

do. 

do. 

0 

12 

0 

1923 

do. 

do. 

do. 

do. 

0 

12 

0 

1924 

<lo. 

ilo. 

do. 

do. 

0 

12 

0 

1925 

<lo. 

Not available. 

do. 

do. 

0 

12 

n 

1926 

do. 

Available. 

do. 

do. 

0 

12 

(1 

1927 

do. 

do. 

do. 

do. 

0 

12 


1928 

do. 

do. 


... 

0 

12 

( 

t Bound volume for 1917 is available. 


Copies of the above, except those which are ottt nf stock, may be had from I he Heerc 
tarj. Indian Tea Association, Calcutta (Post box 280). 

Corrected up to 31st July 1928, 




